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ABSTRACT 

Dust-obscured galaxies (DOGs) are a subset of high-redshift (z « 2) optically-faint ultra-luminous 
infrared galaxies (ULIRGs, e.g. L/^ > 10^^ Lq). We present new far-infrared photometry, at 250, 
350, and 500 fira (observed- frame) , from the Herschel Space Telescope for a large sample of 113 
DOGs with spectroscopically measured redshifts. Approximately 60% of the sample are detected 
in the far-IR. The Herschel photometry allows the first robust determinations of the total infrared 
luminosities of a large sample of DOGs, confirming their high IR luminosities, which range from 
10"-^ Lq< Lir{8 - 1000/im) < lO^^.e ^^^ 99% of the Herschel detected DOGs in this sample are 
ULIRGs and 30% have Ljr > 10" L©. The rest-frame near-IR (1-3 ^m) SEDs of the Herschel 
detected DOGs are predictors of their SEDs at longer wavelengths. DOGs with "power-law" SEDs 
in the rest-frame near-IR show observed-frame 250/24 /im flux density ratios similar to the QSO-like 
local ULIRG, Mrk 231. DOGs with a stellar "bump" in their rest-frame near-IR show observed-frame 
250/24 ^m flux density ratios simflar to local star-bursting ULIRGs like NGC 6240. None show 250/24 
fim flux density ratios similar to extreme local ULIRG, Arp 220; though three show 350/24 /im flux 
density ratios similar to Arp 220. For the Herschel detected DOGs, accurate estimates (within ^ 25%) 
of total IR luminosity can be predicted from their rest-frame mid-IR data alone (e.g. from Spitzer 
observed- frame 24 /xm luminosities). Herschel detected DOGs tend to have a high ratio of infrared 
luminosity to rest-frame 8/im luminosity (the IRS = Ljji(8 — 1000 ^m)/h'L^ (8 fj,m) parameter of Elbaz 
et al. 2011). Instead of lying on the 2 = 1 — 2 "infrared main-sequence" of star forming galaxies 
(like typical LIRGs and ULIRGs at those epochs) the DOGs, especially large fractions of the bump 
sources, tend to lie in the starburst sequence. While, Herschel detected DOGs are similar to scaled 
up versions of local ULIRGs in terms of 250/24 /im flux density ratio, and IRS, they tend to have 
cooler far-IR dust temperatures (20 — 40 K for DOGs vs. 40 — 50 K for local ULIRGs) as measured 
by the rest-frame 80/115 /xm flux density ratios (e.g., observed-frame 250/350 fixn ratios at 2; = 2). 
DOGs that are not detected by Herschel appear to have lower observed-frame 250/24 /im ratios than 
the detected sample, either because of warmer dust temperatures, lower IR luminosities, or both. 
Subject headings: galaxies: high-redshift — galaxies: starburst — infrared: galaxies — submillimeter: 
galaxies 



1. INTRODUCTION 



A very simple optical to mid-infrared (mid-IR) color 
selection of i? - [24] > 14 (Vega mags, i.e., F^{24: 
Ijlvd)/Fv{R) > 1000) yields a sample of optically-faint 
ultra-luminous infra red gala xies (ULIRG s, Ljr > 10^^ 



2007; 



20091: 



Lp,) at z ^ 2 fe .g.. iHouck et al. 2005: Yan et al 
Devet al.r '2008: Fi ore et al.l 120081: iLonsdale et al 
Donlev et al.. .20101 ). Galaxies selected this way have 
been termed dust obscured galaxies (DOGs), and they 
are among the most luminous galaxies at their redshift. 
Large 24 ^ra flux densities imply dust heating either 
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by significant star formation, AGN activity, or both. 
However, until recently, there have been few actual con- 
straints on the total infrared (IR) luminosities, Lir{S- 
1000 /im), of the DOGs, because of a lack of deep obser- 
vations across the far-infrared dust peak (e.g. rest-frame 
60 — 200 ixm). In this paper, we use Herschel SPIRE 
(|Griffin et all [2011 observations at 250, 350 and 500 
/im from the Herschel Multi-ti ered Extragalactic Sur- 
vey CHerMES : [Oliver et al.ll20 1ff) to trace the far-infrared 
(far-IR) spectral energy distributions (SEDs) and in- 
frared (IR) luminosities of a large sample (113) of DOGs 
with measured spectroscopic redshifts. 

We have identified over 2600 DOGs (jDev et all 
120081 ) selected from a Spitzer 24 /im imagin g sur- 
vey of ~ 9 sq uare degrees in Bootes (Le Floc'h et al.l 
lin preparationf ) . The Spitzer program reached a flux 
limit of 0.3 mJy at 24 /im, and overlapped the deep 
optical imaging program , from the NOAO De ep Wide 
Field Survey (NDWFS jjannuzi fc Devi [19991) . Red- 
shifts for over 100 DOGs have been obtained from 
spectroscopy campaigns using the Keck 10m, Palomar 
5m, and Spitzer Spa c e Telescope (IHouck et al.l 120051: 
iWeedman etaTI 120061: [Brand et all 120071: iDesai et al.l 



[2007HDev et~al|[200l iMelbourne et al.ll201lD . The spec- 
troscopic surveys show a surprisingly narrow redshift dis- 
tribution for the DOGs, with a mean z ~ 2.0 ± 0.5 for 
the sample. 

The rest-frame near-infrared (near-IR) spectral en- 
ergy distributions of DOGs m easured by the S pitzer 
Infrared Array Camera fIRAC, iFazio et aL|[2004[) yield 
two classes. The fainter 24 /im sources (e.g. < 0.8 
mjy) tend to show a rest-frame 1.6 /.tm "bump" in 
their spectral energy distributions indicative of the pho- 
tospheres of late type stars. Mid-IR spectroscopy of 
the "bump" DOGs from the S pitzer Infrared Spectro- 
graph fIRS. iHouck et all 120041) show strong polycyclic 
aromatic hydrocarbon (PAH) emission, which are typ- 
ically found in galaxies with ongoing star-formatio n 
(jYan et al.l [20071 : iDesareTall [2007riHuang et all 120091 ). 
The brighter DOGs tend to show a rising power-law SED 
in the near-IR-to-mid-IR bands. Spitzer IRS spectra 
of these "power-law" DOGs generally lack PAH emis- 
sion, and instead show a rising continuum, an indicator 
of warm dust. This lack of PAH emission and signifi- 
cant warm_dust is usually taken as a sign of AGN activ- 
ity (IHouck et a l. 2005; Weedman et al. 2006; Yan et al.l 
l2007t ). Many of these power-law DOGs also show deep 
silicate absorption in their IRS spectra suggesting high 
levels of dust obscuration. Rest-frame optical spec- 
troscopy of the power-law DOGs reveals further evi- 
dence for AGN activity via broad J?q emission lines 
(jBrand et al.l [20071 : IMelbou rne et al.l[20Tl . AGN activ- 
ity has also been infe rred from the X-r ay hardness ra- 
tio for both stacked ([Fiore et all l2008fl and individual 
sources ([Melbourne et al.ll201lD . 

HST and Keck Adaptive Optics Images have re- 
vealed the rest-frame UV-optical morphologies of 
DOGs, which range from compact (and point-like), 
especially for the more luminous power-law sources, 
to diffuse and /or more disk-like for t he less luminous 
bump DOGs ([Melbourne et al.l I2q08t iBussmann et all 
2009bl: lM elbourn e_et al.l 120091: iDonlev et al.l 120101: 
Bussmann e t al. 2011h. Some DOGs show clear signs 



of recent merging (Dasvra et al. 2008; Melbo urne et al.l 
120091 IDonlev et aLii2010: Bussmann et al 201H ). but for 
many the evidence for an ongoing merger is marginal at 
best. 

The number densities and clustering strength of DOGs 
are similar to sub-mm galaxies (SMGs) and high- 
z QSOs su ggesting the possibility of an evolutionary 
connection (iChapman et al.l 120051 : iBrodwin et al.l [200M 
[Chapman et al.ll2009t ). In fact, there is some overlap be- 
tween DOG and SMG select ions (^ 30%) espe cially at 
fainter 24 fiui flux densities ([Pope et al.l 12008a ). These 
results suggest that the DOGs likely occupy relatively 
ma ssive halos and may ev olve into today's 3 — 7 i* galax- 
ies ([Brodwin et al.l 120081 ). 

These observational results have informed theoretical 
models of the DOGs. To achieve the high mid-IR lu- 
minosities, m odelers often invoke galax y gas-rich major 
mergers (e.g. iMihos fc Hernquistlll996( ). In such mod- 
els, a merging system can evolve through several periods 
of very high mid-IR luminosity tha t result in a DOG 
classification ([Naravanan et al]|2010D . During final coa- 
lescence, star formation rapidly increases and the system 
can be simultaneously classified as a bump DOG and/or 
an SMG. Eventually, black-hole growth starts to pick up. 



and star formation begins to slow. During this phase the 
galaxy may become a power-law DOG, before eventu- 
ally settling into a massive quiescent galaxy. While this 
theoretical picture may explain these classes of extreme 
z = 2 galaxies, current observations cannot link these 
high-z galaxies in a causal chain, or even place the bulk 
of them in mergers. However, it is a helpful framework 
for understanding the types of processes that can lead to 
these systems. 

While much is now known about the DOGs, a 
key missing piece of information has been a direct 
measurement of their total IR luminosities. Unlike 
SMGs most of the luminous DOGs in our s ample have 
been d iflncult to observe in t he sub-mm ([Pope et al.l 
I2008at IBussmann et al.l l2009aD . Thus their total IR 
luminosities have not been well constrained. The 
lack of detections in the sub-mm bands suggests that 
their dust te mperatures niay be warmer than the 
typical SMGs (iKoyacs et al.l [20061: [C oppin et al. 2001 
'Saiina et all 120081: [Younger et al.l [2003: .Lonsdale et all 
2009; Bus smann et al.l l2009al: iFiolet et al.ll2009[) . Lik~ 
wise these galaxies have been difficu lt to detect in th e 
longer Spitzer bands (70 and 160 /im. iTvler et al.i r2009t) . 
However, with the deep Herschel SPIRE observations of 
the Bootes field at 25(3, 350 a nd 500 /xm (from the Her- 
MES team, lOliver et al.ll2010l) , strong constraints can fi- 
nally be placed on the far-IR SEDs and IR luminosities 
of a large sample of DOGs. 

In this paper, we investigate the optical through far-IR 
SEDs of 113 DOGs with known spectroscopic redshifts 
that lie in the Herschel fields. We measure the far-IR 
flux densities from the Herschel SPIRE observations, and 
compare to the SEDs of three local ULIRGs that range 
from AGN dominated to star formation dominated. We 
use the SPIRE observations to constrain the total IR 
luminosities (8 -1000 /im) and far-IR temperatures of the 
DOGs, and compare with other z = 1 — 2 ULIRG and 
AGN samples. 

Section 2 describes the sample, the Herschel obser- 
vations, and far-IR photometry. Section 3 presents the 
observed SEDs, SED classiflcations, IR luminosities, and 
far-IR dust temperatures. Section 4 discusses the results 
in the context of other high-z galaxy samples. Section 5 
summarizes our conclusions. Throughout we assume the 
canonical A Cold Dark Matter Universe with JIm = 0.3, 
r^A = 0.7, and Hq = 70 km s^^ Mpc'^. 

2. SAMPLE SELECTION AND OBSERVATIONS 

The sample of DOGs is taken fro m the Bootes field of 
the NDWFS (IJannuzi fc Devl[l999l) . This field, roughly 
9 square degrees in area, was observed with Spitzer 
Multiband Imag ing Photometer for Spitzer (MIPS, 
IRieke et"aI]|2004D at 24 /im, reaching an 80% complete - 
ness depth of 0.3 mJy (ILe Floc'h et aLlUn preparation!) . 
The field also has deep optical imaging in the Bw, R, 
I, and K bands to depths of 27.1, 26.1, 25.4, and 19.0 
mag (Vega) respectively. Moderately deep Spitzer IRAC 
imaging a t 3.5, 4.6, 5.8, 8.0 /im was obtained for the en- 
tire field (Eisenhardt et al. 2004) and augm ented by the 
Spitz er Deep Wide-Field Survey (SDWFS; lAshbv et al.l 
[20091) . 

The large survey area was key for identifying statisti- 
cally significant samples of rare yet luminous sources. 
Of the ~ 2600 DOGs in Bootes spectroscopic red- 
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shifts were obta i ned fo r 117 galaxies ( Houck et al.ll2005l: 
Weedman et all ^06; Brand et al. '2007: ' Desai et alJ 
2008: Dev et all 12008 : Melbourne et al. 20lf^ In all 
cases where spectra yielded rcdshifts, the DOGs have 
been found to lie in a relatively tight redshift range of 
< z >= 2.0, a, = 0.5. 

The Bootes field has been observed at longer 
wavelengths wfth Herschel SPIRE at 250, 350, 
and 500 urn as part of the HerMES collaboration 
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Fig. 1. — Left: _F^(24) [mjy] vs. R — [24] [Vega mag] for the complete sample of DOGs in Bootes (points) and those with spectroscopic 
redshifts (symbols) divided into rest-frame near-IR classifications of bump DOGs (circles) and power-law DOGs (diamonds). Right: Fi,{2A) 
[mJy] vs. redshift. DOGs are selected to have R— [24] > 14 [mags] (i.e., -F^(24 fim)/F,y{R) > 1000). The spectroscopic samples roughly 
span the full range of i?— [24] color for the larger sample, although the bump DOGs tend to be drawn from the bluer end of the distribution. 
The spectroscopic samples tend to be drawn from the brighter end of the sample, especially for the power-law DOGs. There are no obvious 
trends in 24 /ivci flux density with redshift. Likewise there are not obvious trends for Herschel detected (filled symbols) vs. Herschel 
non-detected (open symbols) sources. 

with a rising SED across the Spitzer IRAC bands, 
and "bump" sources with a peak or break in their SED 
across the IRAC bands. This bump has been associated 
with the photospheres of late- type stars, and appears 
at rest-frame 1.6 ^m. Distinguishing between bump vs. 
power-law samples is complicated by the bump shifting 
in the observed Spitzer bands for objects at different red- 
shift. 

The SEDs were visually classified into bump vs. power- 
law, based on the rest- frame 1 — 8 /zm SED. Sources with 
a clear 1.6 /Ltm peak in their SED were selected as bump 
sources. The two samples are well segregated, in IRAC 
color-color space as shown in Figure [21 The power-law 
sources are red in both [3.6] - [4.5] color and [4.5] - [8.0] 
color. In contrast, the bump sources tend to be fairly 
blue in [4.5] - [8.0] color. The near-IR SED classifications 
are given in Table [31 58% of the spectroscopic sample 
are power-law sources and 42% are bump sources. Again 
these fractions are only representative of this sample and 
not the larger DOG population which appear to favor 
bump sources especially at the lower 24 /im flux density 
le vels (e.g.. Figure [ p. 

iBussmann et al.l ( |2011[ ) also provides a rest-frame near- 
IR classification based on the IRAC photometry. These 
previous efforts used linear fits to the IRAC data to clas- 
sify the DOGs and were designed to statistically separate 
out the two classes. Even though these previous classi- 
fications did not consider the redshift dependence of the 
position of the stellar bump they still agree with the new 
visual classifications for 89% of the sample. For the 11% 



(lOliver et al.ll 2010l:iBrisbiii et al.|[20ToHRigopoulou et al.l 
l2010t iSevmou ret al.ll2011[ ). This paper presents results 
from the far-IR Herschel observations of 113 DOGs with 
spectroscopic redshifts. This is not a statistically com- 
plete sample of DOGs, but it is representative of the more 
luminous DOGs observed in the Bootes field as shown in 
Figures [H and [H 

The sample use d in this paper include s 86 of the 90 
DOGs studied in IBussmann et al.l ()2011l which placed 
constraints on the stellar masses of the DOGs). Four of 
the Bussmann et al. DOGs lie off of the SPIRE mosaics 
and so are not included in this study. We also include 27 
additional DOGs with redshifts below the Bussmann et 
al. redshift limit of z = 1.4. Table [1] gives the R.A. and 
Dec, redshifts, the 24 /im flux densities, and the R— [24] 
colors of the sample of 113 galaxies. Table [2l gives the 
optical through mid-IR flux densities of the sample. 

2.1. Rest-frame Near-IR SED Classification 

As was described in the introduction, DOGs show two 
types of rest-frame near-IR SEDs, "power-law" sources 
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Fig. 2. — The Spitzer IRAC infrared color-color plot of all the 
DOGs in Bootes (points) and the spectroscopic samples (symbols). 
DOGs with a rising "power-law" SED in the IRAC bands (dia- 
monds) segregate from the DOGs with a "bump" in their SED at 
rest- frame 1.6 /im (circles). The power-law sources tend to be red 
in both the [3.6] - [4.5] and [4.5] - [8.0] colors. Detection in Her- 
schel does not appear to be driven by IRAC colors (filled vs. open 
symbols). Although, the power-law DOGs in this sample are less 
likely to be detected by Herschel than the bump dogs. 

where the two classifications disagree, we have chosen 
to use the visual classification, because it accounts for 
differences in redshift. 

2.2. Herschel Far-IR Observations 

As part of the Herschel GTO time, the Bootes field was 
observed with the SPIRE far-IR imager by the HerMES 
team (P.I. Oliver). The central 2 square degrees were 
observed to a depth of ~ 80s in all three SPIRE filters 
(250, 350, and 500 /.tm). An additional annulus, with an 
outer diameter of ^ 3 degrees surrounding this central 
field, was imaged to a shallower depth of ~ 30s, again 
in all three SPIRE filters. These images were processed 
through the Herschel Level 1 data reduction pipeline and 
made publicly available. The pipeline reduced images 
were used here to measure the far-IR flux densities of 
the DOGs in Bootes. 

We combined the SPIRE observations into 250, 350, 
and 500 jim mosaiced images using the SWarp package 
(jBertin et al. 2002). Image alignment was set by the 
header world coordinate system assigned to the images 
from the data reduction pipeline. These were adequate 
to align the images to sub-pixel precision, without sig- 
nificant loss of resolution. The same SWarp parameters 
were used to mosaic the instrument noise images. The 
noise image mosaics were used to determine the formal 
photometric uncertainty of each measured galaxy as de- 
scribed below. 

2.3. Photometry 

While this paper is only concerned with the SPIRE 
photometry for the 113 DOGs in this sample, we chose 
to generate a complete catalogue of point-sources in the 
SPIRE mosaics. This approach allowed for better charac- 
terization of the photometric uncertainties and detection 



limits, as well as the alignment between the Herschel and 
Spitzer images. 

Photometry of the Herschel mosaic images wa s carried 
out w ith a two step process. First, the DAOphot (jStetsonI 
|1987[ ) FIND routine was used to identify sources in each 
mosaic image. FIND selects point-like sources in the sig- 
nal maps. The detection threshold was set low (e.g., 2 
a above the noise level) to allow for the largest possible 
number of matches between the far-IR Herschel data and 
the mid-IR Spitzer data. Second, the IDL 2D gaussian 
fitting routine, ]V[PFit2DPeak (written by Craig IVIark- 
wardt), was used to determine the fiux density of each 
source. Throughout the mosaic process, the images re- 
tained the original flux density units of Jy/ beam. Thus 
the flux density of a point source in Jy is given by the 
peak value of a Gaussian fit to the source. ]VIPFit2DPeak 
returns the peak pixel value and the formal uncertainty 
for each measurement based on the instrument noise im- 
age and fiux density level of the peak. 

These methods were used to measure 15748, 9118, and 
5281 sources with flux densities greater than 20 mJy in 
the 250, 350, and 500 /im mosaics respectively. Figure [3] 
(upper panel) shows the flux density distribution of these 
detections. 

2.4. Artificial Source Tests 

The photometric accuracy (limited by flux boosting 
from source confusion) and precision (i.e. photomet- 
ric noise) were determined by populating the images 
with artiflcial sources and recovering their fluxes. These 
tests accounted for the effects of source confusion and 
background variations from unresolved cirrus. Artificial 
sources were created by scaling a very luminous source 
of known fiux from each input image. Artificial sources 
were placed randomly across each image and their fluxes 
were measured at the input locations. This approach was 
analogous to determining the photometry of the DOGs, 
because the location of each DOG is also known ahead of 
time from the Spitzer data. This test was not designed 
to recover the completeness limit of the Herschel images. 

Each mosaic was populated with 100,000 artiflcial 
sources, placed randomly, one at a time, so as to not in- 
crease the crowding. Input flux densities ranged from 400 
mJy to 5 mJy. The flux density of each artificial source 
was measured with the same method as the real sources, 
including the same five arcsec positional threshold for 
matching the peak location. Figure [3] (middle panel) 
shows (measured fiux - input fiux) / (input fiux) as a 
function of input flux. The photometric precision is given 
by the standard deviation of the flux differences (solid 
lines in Figure [3l middle and bottom panels) , whereas 
the photometric accuracy is given by the median of the 
flux differences (dot-dashed lines in Figure [H middle and 
bottom panels) 

The bottom panel of Figure [3] summarizes the results 
for the artificial source tests. The photometric precision 
is better than ^ 20% at 25 mJy for the 250 and 350 /im 
images. The 500 /im images show a 20% uncertainty at 
30 mJy. In addition to the photometric noise, there is 
an increasing photometric bias (fiux boosting) at fainter 
flux density levels, with the returned flux higher than 
the input flux. This can be understood in the context of 
background confusion boosting the measured flux of the 
artificial source. The photometric bias is smaller than 
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Fig. 3. — Top: Histograms of the sources counts in each of the 
Herschel SPIRE filters as a function of the measured flux density 
in mJy. No corrections for fiux boosting or confusion have been 
applied. Middle: The fractional difference between input and out- 
put fluxes for artificial sources placed randomly across the 350 ^m 
SPIRE mosaic. The median (dot-dashed) and standard deviation 
(solid line) of the fractional differences are shown and represent 
the accuracy (which can be affected by flux boosting) and preci- 
sion (photometric noise) of the photometry respectively. Bottom: 
The photometric accuracy (dot-dashed) and precision (solid lines) 
from artificial source tests on the 250 (blue), 350 (green) and 500 
(red) ^m images. The photometry at 250 and 350 fim is good to 
within 20% (dashed line) for galaxies with flux densities brighter 
than ^ 25 mJy. The 500 fira photometry is good to within 20% 
for flux densities brighter than ~ 30 mJy. 

10% at 20 mJy for the 250 and 350 /im images, and 
smaller than 10 % at 25 mJy for the 500 /im image. No 
correction for this bias was applied to the final photom- 
etry. 

These results summarize the typical uncertainties 
across the SPIRE images. However, the true uncertainty 
of a given source will depend on the local confusion which 
might be better or worse than average. The precision 
and accuracy of the DOG photometry could well be bet- 
ter than the numbers quoted above. Not only are the 
DOG locations known, but the locations of other far-IR 
sources are known as well. If we run our artificial source 
tests in locations that exclude the locations of existing 24 
/im sources (excluding locations within 2 pixels of known 
sources) then the photometry achieves a 20% precision 
at roughly 20, 20, and 25 mJy (for the 250, 350, and 500 
/im images respectively). These levels represent a best 
case scenario, and we will take these as the canonical 
photometric upper-limits for DOGs that are undetected 
in the SPIRE images. 

2.5. Catalogue Matching 

We mat ch the full 250 /tin catalogue to the full 24 /tm 
catalogue ()Le Floc'h et aLllin preparation! ) of the Bootes 
field. For each 24 micron source, the nearest 250 micron 
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Fig. 4. — The angular separation between 24 micron selected 
sources and 250 micron selected sources. Cyan contours follow the 
density profile of the points and mark a positional offset between 
the two catalogues of 1.25" and -2.0" respectively in RA and Dec 
respectively. A separation criteria of 5" (brown circle) recovers 
80% of the possible 24/250 ^m matches that lie within the 250 
PSF which has a half-width at half-maximum size of 8.5" (green 
circle). 

source was determined. A plot of the difference in RA 
and Dec between the two catalogues (Figure |4]) reveals 
a linear spatial shift of 1.25" and 2.0" in RA and Dec 
respectively. After applying these positional offsets to 
the Herschel positions, matches were selected for objects 
with a separation of < 5", roughly 1/3 of the 250 /im 
PSF size. Of the 28391 24 micron sources (brighter than 
0.3 mJy) in the Bootes survey field, we find good SPIRE 
250 /tm matches (brighter than 20 mJy) for 6327 or 22%. 

After matching the 24 /tm sources to 250 /im counter- 
parts, matches were made to sources in the longer wave- 
length data, based on the 250 /im positions. Approxi- 
mately ^ 12% of the 24 /im sources have a counterpart 
at 350 /im, while ~ 6% have a 500 /im counterpart. 

Finally, a visual check of the SPIRE images was made 
at the location of each of the 113 DOGs with redshifts 
to determine if those with measured far-IR flux densi- 
ties show an actual source in the image, and that DOGs 
without a far-IR match do not show a significant source. 
In all cases, a DAOphot detection resulted in a visually 
confirmed source (see Figure [SJ. However, several DOGs 
that were undetected in the DAOphot catalogues did ap- 
pear to contain a source at 250 /im. Usually these were 
sources that were somewhat blended with a nearby neigh- 
bor causing the centroid of the final object to be offset 
from the 24 /xm source at a larger separation than our 
match criteria of 5". For these cases, we fit the source by 
hand, forcing the centroid of the Gaussian to the position 
of the 24 /im detected DOG, and setting a background 
level to account for blended neighbor. This "by hand" 
photometry was performed for 17 of the 113 DOGs in 
our sample. 

Of the 113 DOGs in the sample, 68 (60%) are detected 
at 250 /im, 56 (50%) are detected at 350 /tm, and 35 
(31%) are detected at 500 /im. All of those DOGs de- 
tected at 350 and 500 /tm are also detected at 250 /tm. 
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Fig. 5. — Top: uLi^ vs. wavelength for a power-law DOG (diamonds), and 3 local ULIRGs (lines). Bottom: Postage stamps of the 
roughly 2' X 2' region around the DOG (marked with an x) from the 250 (left), 350 (middle), and 500 (right) ^m SPIRE images. The 
postage stamp images also show the locations the neighboring 24 ^m sources (o's). While some sources suffer from blending most of the 
DOGs detected in SPIRE are relatively uncontaminated by neighbors. SEDs of the DOGs are compared to templates of local ULIRGs, 
including Mrk 231 (AGN template in blue), NGC 6240 (a starburst template in green), and Arp 220 (an extreme starburst in red). The 
local templates are scaled to the 24 fim luminosities of the DOGs. Some of the DOGs (e.g., Figure ??), are better matched to the AGN 
dominated template, Mrk 231, while others are better matched to the starburst template, NGC 6240 (Figure ??). None are well matched 
to the Arp 220 starburst, although some show similar 350 and 500 ^m flux densities (Figure ??). Total L/ij's estimated from the scaled 
local templates are given in the legend. When a template SED is well matched to the DOG data, the template derived Lm matches the 
Liu from a simple interpolation of the DOG SED in A vs. _F;^ space (black line). 

The detection rate at 250 /xm for 24 /im selected DOGs 
is significantly higher than for the 24 /im catalogue of 
Bootes sources as a whole. 

3. RESULTS 

Figure [5] shows the far-IR images, photometry mea- 
surements, and multi-wavelength SEDs for three of the 
DOGs in our sample. The locations of the DOGs in the 
Herschel images are marked with x's, while neighboring 
24 micron sources are marked as o's. The DOG SEDs are 
plotted in units of lyL^. In all cases where the DOGs are 
detected in SPIRE, the SEDs show a large far-IR peak 
associated with cold dust. The Herschel far-IR photom- 
etry and the Spitzer 24 /im flux densities of the DOGs 
are given in Table [3] 

3.1. Mid-to-Far-IR SED Classifications Based on the 
250/24 M"i Flux Density Ratio 

The mid-to-far-IR SEDs of the DOGs were classi- 
fied by comparing them to scaled up versions of local 



ULIRGs (see Figu re H. Mrk 231 is a Type-1 AGN- 
dominated ULIRG (|Sanders et al.lll988D. although it also 
likely hosts some star formation ( Downes fc SolomonI 
119981: IDavies et all I2004D which contributes to its far-IR 
flux at the 10-30% level (lArmus et al. l l2007l). NGC 6240 
is a starburst do minated ULIRG (jLutz et all 120031 : 
lArmus et al.ll200^ . It also hosts an AG N: however, the 
AGN contributes < 10% of the IR flux (|Max et al.ll2005l : 
lArmus et aO2006[ ). Arp 220 is the nearest ULIRG and is 
also a starburst. It possesses an extreme f ar-IR/mid-IR 
ratio , much larger than other local ULIRGs (jArmus et al.l 
I2007D . Figure E] shows that the mid-to-far-IR SEDs of 
the DOGs span a range of shapes with some more like 
Mrk 231, and others resembling NGC 6240. 

As with the near-IR classifications, we first visually 
classify the mid-to-far-IR SEDs of the sample, based pri- 
marily on the observed 250/24 /tm luminosity ratio. Fig- 
ure[6]shows the classification statistics for both bump and 
power-law DOGs. Three results are immediately obvious 
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Fig. 5. — Continued. SED and Herschel SPIRE images for an IRAC classified bump DOG. The far-IR SED of this galaxy is well matched 
to the starburst template NGC 6240. 



from this Figure: (1) the power-law DOGs are less likely 
to be detected in the SPIRE bands than the bump DOGs, 
only 49% of the power-law DOGs are detected, while 76% 
of the bump DOGs are detected; (2) of the power-law 
DOGs that are detected, 84% have AGN-like (Mrk 231) 
mid-to-far-IR SEDs; and (3) of the bump DOGs that are 
detected, 80% have starburst-like (NGC 6240 or Arp 220) 
mid-to-far-IR SEDs. The mid-IR-to-far-IR SED classifi- 
cations for the full sample of SPIRE detected sources are 
given in Table [S] 

The mid-to-far-IR SED classifications are being driven 
by the 250/24 ^m fiux density ratio. To see this more 
easily. Figure [7] plots the 250/24 /zm ratio for the DOGs 
as a function of rcdshift. Over-plotted is this same ratio 
for the local templates redshifted to match the DOGs. 
The power-law DOGs tend to have smaller 250/24 /im 
ratios than the bump sources, matching the redshifted 
250/24 /xm ratios of Mrk 231 (with significant scatter). 
Similarly the bump DOGs match the redshifted 250/24 
/zm ratios of NGC 6240 (again with significant scatter), 
even across the z = 2 rcdshift, where the 8 /im PAH 
features enter the 24 /im passband. 

3.2. Constraining the Total Infrared Luminosities, 
i/flC8-1000 ^im) 



With the SPIRE far-IR observations we can, for the 
first time, observationally constrain the total infrared lu- 
minosities, L/ii;(8 — 1000 /.tm), of a large sample of DOGs. 
However, even with the far-IR SPIRE observations, the 
SED is still only sampled at a few additional, though key, 
wavelengths. Thus a measure of the total IR luminosity 
still requires some assumptions. 

We choose a simple approach for estimating IR lumi- 
nosity. First we interpolate between the mid-IR and far- 
IR flux densities. Then, for the long wavelength tail, we 
apply a black-body curve, multiplied by v^'^ to a ccount 
for the dust emissivity (see for instance iDraind [2003) . 
We select a characteristic temperature for the far-IR tail 
of 40 K, although because the bulk of the luminosity is 
coming out at shorter wavelengths the total IR luminos- 
ity is relatively insensitive to the temperature used. A 
25% change in the far-IR temperature typically results 
in less than a 5% change in the estimated luminosity. 
We interpolate the flux points in F\ vs. A space, which, 
as can be seen in Figure [5] reproduces the shapes of the 
far-IR dust humps reasonably well. The resulting Lm 
measurements are tabulated in Table [3l 

As can be seen in Figure [5] when a DOG SED is well 
matched to a local template the Ln^ inferred for the 
DOG from the local template matches the Lij^ from this 
simple interpolation, to within better than 20%. Thus, 
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Fig. 5. — Continued. SED and Herschel/SPIRE images for an IRAC-cIassified bump DOG. This galaxy has an unusual FIR SED that 
somewhat resembles Arp 220, but with a lower flux density at 250 /im. 



while we could perform multi-component fits to our 2 — 4 
IR data points, the Lm measurements are unlikely to 
change significantly from this simple approach. 

Figure |8] plots a histogram of the Lm measurements 
for both the power-law and bump DOGs detected in the 
SPIRE images. Even though the power-law DOGs are 
less likely to be detected at 250 ^m and have smaller 
250/24 /im ratios, they tend to have higher luminosities 
than the bump sources. While the bump sources typ- 
ically have ULIRG luminosities of Ljr = lO^^ _ ^o" 
Lq, the power-law DOGs show a large fraction with Ljfj 
> 10^"^ Lq. a K-S test reveals that the two distributions 
are extremely unlikely (< 1%) to be drawn from the same 
parent distribution. However, this is driven almost exclu- 
sively by the lack of lower luminosity power-law DOGs, 
which is most likely a selection bias. Explanations for 
these results will be discussed in Section 4. 

3.3. Constraining the Far-IR Dust Temperature from 
the 250/350 iim Flux Density Ratios 

Most lo cal ULIRGs cannot b e fit by a single dust tem- 
perature (jMarshall et al.lf2007t ). but rather contain both 
warm and cold components. Because the DOGs are se- 
lected to be luminous at 24 /zm (e.g., rest-frame 8 /im at 
z = 2), they likely host significant amounts of warm and 
hot dust that will not be probed by the SPIRE obser- 



vations. However, the SPIRE measurements provide a 
characteristic temperature for the far-IR emission in the 
DOGs, which can be compared to the temperatures of 
other samples measured in the same way. 

The Herschel SPIRE observations sample the far-IR 
SEDs of the DOGs near to the dust emission peak at rest 
wavelengths of 80 — 100 ^m. Assuming the dust emission 
follows a simple black body, the 250/350 /im flux density 
ratio yields a character istic temperature for the far-IR 
emitting dust peak (e.g . iDunne et al.ll200dt lDraine|[2003l : 
iBussmann et al.l[2009al ). To determine the far-IR dust 
temperature we construct synthetic dust models given 
by: 

S, = B,{T) * ly" , (1) 

where B^, (T) is the black-body Planck curve and (3 is 
the dust emissivity. For this study, we assume a typi- 
cal emissivity value of /3 = 1.5 (e.g. iDraind [2OO30 . and 
create 90 template spectra each with a different temper- 
ature ranging from 10 — 100 K. These synthetic spectra 
are then sampled at the SPIRE wavelengths, shifted to 
account for the redshifts of each DOG. A fit between the 
model 250/350 /im fiux density ratios with the actual 
data (Figure 0, reveals a characteristic far-IR tempera- 
ture for each DOG. Uncertainties on the temperatures, 
are estimated by altering the 250/350 /xm ratios by their 
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Fig. 6. — Left: Fraction of the spectroscopic sample that are classified power-law vs. bump DOGs. Right: classifications of their mid-to- 
far-IR SEDs. Slightly more than half of the spectroscopic sample are power-law DOGs, with the remainder are classified as bump DOGs. 
However, we expect that a complete sample of DOGs will be dominated by lower-luminosity bump sources (e.g., Figure[2J- Over 50% of the 
power-law DOGs are undetected at SPIRE wavelengths, while only ~l/4 of the bump DOGs are undetected. Of the power-law DOGs that 
are detected nearly all have mid- to- far- IR SEDs classified as AGN-like (Mrk 231). Whereas, nearly all of the bump E)OGs are classified as 
starburst like (NGC 6240 or Arp 220). 

photometric uncertainties and recalculating the temper- 
ature. The measured 250/350 /im ratios as a function of 
redshift and dust temperature are shown in Figure |9l for 
the 56 DOGs that were detected in both bands. 

Figure [TO] shows histograms of the measured far-IR 
dust temperatures for the power-law and bump DOGs. 
The temperatures range from 19 K to 58 K. However, 
the bulk of the temperatures are between 20 and 40 K. 
In fact, the four DOGs with far-IR dust temperatures 
measured to be above 50K all have large temperature 
uncertainties, meaning that their temperatures are not 
significantly different from the larger sample. Overall, 
there appears to be a trend of increasing dust temper- 
ature with increasing IR l uminosity. A simi lar trend is 
seen in local ULIRGs (^e.g. lArmus et al.ll20Q7[ ). However, 
as will be discussed in the following section, this trend 
may be partially the result of the Herschel detection lim- 
its which vary with dust temperature. 

The power-law and bump DOGs span a similar range 
of dust temperatures but the median dust temperature 
of the bump DOGs is lower than the median temperature 
of the power-law DOGs. Both samples appear to be sig- 
nificantly cooler than a complete sample of l ocal ULIRGs 
(from the IRAS Bright G alaxy Sample; see iSoifer et"ari 
llQSTt lArmus et al.l I2007D measured in the same way at 
the same rest-frame wavelengths. To estimate temper- 
atures of the local ULIRGs, we redshift their SEDs to 
z = 2, then observe them in the Herschel SPIRE bands, 




determining their 250/350 fira flux density ratio in the 
same way as the high-z galaxies. 
The temperature measurements are given Table [3] and 



Fig. 7. — The 250/24 fim flux density ratio plotted as a function 
of redshift for the DOG sample with spectroscopic redshifts. The 
mid-to-far-IR SED classifications of the DOGs are being driven by 
this ratio. The power-law DOGs (diamonds) have low 250/24 fim 
ratios compared with the bump DOGs (circles). Over-plotted are 
the 250/24 fim flux density ratios for the local ULIRG templates, 
shifted with redshift. Power-law DOGs tend to follow the Mrk 231 
ratios, while the bump DOGs tend to follow the NGC 6240 ra- 
tios (especially below redshift 3.5). Upper limits (arrows) for the 
DOGs not detected in Herschel are also shown. The limits are not 
radically different from the detected source ratios but are at the 
low end of the distributions suggesting that the typical ratio may 
be different for Herschel detected vs. undetected sources. 

will be discussed further in the following section. 



4. DISCUSSION 
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Fig. 8. — Lju (8-1000 /im) measurements for the power-law 
(blue) and bump (red) DOGs as estimated from a simple inter- 
polation of the SED in F\ vs. A space. While the power-law 
DOGs are less likely to be detected at the SPIRE wavelengths, 
when they are detected, their Lju's are typically higher than for 
the bump DOGs. While the typical Herschel-detected bump DOG 
is a ULIRG with Lm < 10^^ Lq , ~ 50% of the Fersc/iei-detected 
power-law DOGs have higher IR luminosities, e.g. Lju > 10^"^ Lq. 

With the deep Herschel SPIRE observations of the 
Bootes field from HerMES, we can, for the first time, 
constrain the far-IR SEDs and hence the total Lm of 
large samples of z = 2 DOGs. This paper presents re- 
sults for a sample 113 DOGs with spectroscopic redshifts, 
selected to have very high mid-lR-to-optical fiux ratios. 
In this sample, DOGs that show AGN like signatures in 
the rest-frame near-lR (power-law DOGs) tend to show 
AGN-like mid-to-far-lR SEDs. Meanwhile DOGs with 
starburst-like signatures in the rest-frame near-lR (bump 
DOGs) tend to show starburst-like SEDs at longer wave- 
lengths. While the power-law DOGs are less likely to be 
detected at 250 /im, those that are detected are likely to 
have significantly higher IR luminosity. 

The discussion of these results, below, starts with a 
comparison of the Herschel far-lR photometry with other 
far-lR observations of the sample galaxies. Next, the de- 
tection biases of the SPIRE data, including both temper- 
ature and luminosity biases are discussed in detail. Then, 
we discuss the value of the mid-lR data from Spitzer for 
accurate predictions of the IR luminosities of the DOGs. 
Finally, the DOGs are compared with other high-z sam- 
ples of ULlRGs. 

4.1. Comparisons with Previous Far-IR Observations of 
Our Sample 

Previously, 12 of the DOGs in the sample were 
observed at the Calte ch Sub-mm Ob servatory with 
SHARC-II at 350 /im (jBussmann et al.li2009a ). Only 
4 were detected, while upper limits were derived for the 
remainder of the sample. The Herschel photometry are 
in good agreement with the previous results, returning 
fluxes below the SHARC-II detection limits, and roughly 
matching (within 1-2 sigma) the fluxes of the DOGs that 
SHARC-II did detect. The SHARC-II sample targeted 
several of the brightest 24 /xm sources, which are pre- 
dominantly power-law DOGs. As we have shown, these 
sources generally have low 350/24 fim flux density ratios, 
and therefore are difficult to detect at 350 /Ltm. Sub-mm 
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Fig. 9. — The observed- frame 250/350 /im ratio plotted as a 
function of redshift and temperature for single temperature modi- 
fied black body models (Unes, Sv = B^i^T) * v^-^) and the DOGs 
(points). We use the models and the observed 250/350 /xm ratios of 
the DOGs to determine the characteristic far-IR dust temperatures 
of the galaxies. DOGs with low 230/350 /^m ratios tend to have 
cold dust temperatures, whereas galaxies with large 250/350 /^m ra- 
tios tend to have warm temperatures. These trends are modulated 
by redshift as the peak in the FIR dust emission shifts through the 
Herschel passbands. 

programs targeting 24 ^m bright bump sources hav e gen- 
erally shown a highe r dete ction rate (e.g., [L onsdale et afl 
120091 : iKovacs et all 120101: IChapman et al.ii201Q) . as ex- 
pected, given their propensity for higher 350/24 /j,m flux 
density ratios. 

Several of the DOGs in our sample were also previously 
detec ted at 70 and 160 mhi with deep Spitzer MIPS im- 
ages (jTvler et al.ll2009( ). These observations constrain 
the blue side of the far-IR dust peak. Seven DOGs 
were detected in 70 /im band while 10 were dete cted in 
the 160 /im band. From these observations Tvle r et al] 
(2009) calculated Lm for 11 sources. The new SPIRE 
derived estimates of Lib. agree with the Taylor estimates 
to within 20%, which is quite good considering the po- 
tentially large systematic uncertainties. 

4.2. Luminosity and Temperature Selection Biases of 
Herschel Samples 

One of the surprising results from our study is that 
while the bump DOGs are more likely to have detec- 
tions at SPIRE wavelengths (see Figure [6|) , the power- 
law DOGs that are detected are likely to have higher 
L/ij's (see Figure [5|). Selection biases summarized in 
Figure [11] may be playing a role in these results. This 
figure compares the 24 /im flux densities of those DOGs 
that are detected at 250 /im with those that are unde- 
tected. While the bulk of the bump DOGs with F„ (24) 
< 1 [mJy] are detected at 250 /^m, less than 50% of the 
power-law DOGs are detected. This is not surprising as 
the 250/24 /im ratio is small for the power-law DOGs 
and typically much larger for the bump DOGs. 

When a power-law DOG is detected at 250 /im it tends 
to have a larger 24 /im flux density for a given 250 /im 
flux density compared with the bump DOGs. Therefore 
SPIRE-detected power-law DOGs will be more IR lumi- 
nous (on average) than the bump sources. 

However, luminosity may not be the only selec- 
tion bias in the Herschel data. Another bias to 
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Fig. 10. — Top: IR luminosity plotted as a function of far-IR tem- 
perature for the power-law (diamonds) and bump (circle) DOGs 
and a complete sample of local ULIRGs from the IRAS bright 
galaxy survey (black points). Also included are the 3 sigma lumi- 
nosity detection limits for the SPIRE 250 /im image as a function of 
temperature and redshift (colored lines). Bottom: the distribution 
of the measured far-IR dust temperatures of the power-law (blue) 
and bump (red) DOGs, compared with local ULIRGs (black) mea- 
sured at roughly the same rest-frame wavelengths. The DOGs that 
are detected in Herschel tend to have cooler median far-IR dust 
temperatures (downward triangles) than the local ULIRGs, and 
the median temperature of the bump DOGs is about 5 K cooler 
than the power-law DOGs. There is a general trend of increasing 
temperature with increasing IR luminosity. However this may be 
at least partially set by the detection limits of the sample which 
create biasses against detection at both the cold and warm ends of 
the distribution. For instance local ULIRGs would not be detected 
above z = 1.4, because their dust temperature is too warm. 

consider, is the temperature of the far-IR emittinK 
dust fe.g. iChapman et all 12004 [2005t iPope et al.l 120061: 



iCasev et all 120091: iSvmeonidis et al.l 120111) . Figure [TUl 
plots the IR luminosity of the DOGs as a function of the 
far-IR dust temperature. For Herschel detected DOGs, 
galaxies with higher IR luminosities tend to have warmer 
dust temperatures. This result can be explained at least 
in part by the SPIRE detection limits for galaxies of a 
given temperature and IR luminosity (colored lines) . The 
warm-side limits were generated by scaling the SEDs of 
a complete set of 12 local ULIRG (which span a range 
of temperatures from 35 — 60 K) to different IR lumi- 
nosities, and "observing" them at high-z in the Herschel 
bands. We then determined the luminosity at which they 
would be detected in the SPIRE 250 /im band (to a 20 
mJy limit), at the same rest wavelength as the DOGs 
as a function of redshift. For instance, at z = 1 any 
20 K ULIRGs wiU be detected in SPIRE observations of 
Bootes, but only the most IR luminous (e.g., L/h> 10^^-^ 
Lq) 50 K ULIRGs will be detected. None of the local 
ULIRGs would actually be detected in SPIRE if they 
were above z = 1.4. The cold temperature detection 
limits (T < 30 K) were generated in a similar way with 
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modified black body spectra. As can be seen in Figure 
[TOl there are also strong selection biases against detecting 
very cold sources with SPIRE. 

The temperature bias requires that objects with 
warmer dust must have higher IR luminosities to be 
detected in SPIRE. Thus, the Herschel non-detected 
sources could be missed because they are lower luminos- 
ity, have a warmer temperature, or both. However, above 
L/fl= 10^'^ Lq, even the warm objects (40-60 K) should 
be detected regardless of redshift f Figure [TUt . Therefore, 
the undetected DOGs, including the 51% of the power- 
law sources that are not detected, must have £/_r< lO^'^ 

Lq. 

4.3. Predicting Ljj^ from 24 ^J■m Flux Density 

Figure ?? shows the Lij^J vL,j{2A ^m observed- frame) 
ratio as a function of redshift. For the power-law DOGs, 
the Ljj^J vL,^{24) values lie in a fairly tight range of 
6.5 ± 1.4. This suggests that the 24 /j,m luminosity can 
be used to predict the IR luminosities of the power-law 
DOGs to within roughly 20%. 

The scatter in Figure ?? is significantly larger for the 
bump DOGs so a similarly simple prediction is not pos- 
sible for their Ljrs . However, the flux-d ependent re- 
lation predicted by iCharv fc Elbazl (|2001[ ) appears to 
predict Lm for the bump DOGs with reasonable accu- 
racy. Figure ?? compares the Herschel derived L/^'s 
of the DOGs to th e pred icted values from the templates 
of ICharv fc Elba3 (f200ll ). For the bump DOGs, these 
relations work across the full range of Lm's. Not sur- 
prisingly, these relations tend to over- predict the L/_r's 
of the power-law DOGs, as they were designed for star 
forming galaxies, not obscured AGN, which have larger 
24 /xm contributions from warm dust. However, even for 
the power-law DOGs the Chary & Elbaz (2001) relations 
are good to within 50%; 

The fact that the ICharv fc Eiba3 (|200lD templates 
work so well for the bump DOGs is somewhat surpris- 
ing because these relations have been shown to fail for 
other samples o f optically-bright hi g h-z ULIRGs (e.g . 
Pope et al.l [ 2006: Muzz inet aL|[20Tl lElbaz et al.l [20T1I: 



Ruiopakarn et al. 20111 . These other studies find that 



most high-z ULIRGs are just scaled up versions of lo- 
cal star forming galaxies rather than having far-IR SEDs 
similar to local ULIRGs. The situation is reversed for the 
bump DOGs, local ULIRG templates are a good match 
to the 250/24 /im flux density ratios and hence IR lumi- 
nosities of the bump DOGs. 

While these relations work for the sources that are de- 
tected in the SPIRE data, they may not work for the 
DOGs that are not detected in SPIRE, especially the 
large numbers of undetected power-law DOGs. In or- 
der for these relations to work more generally, the un- 
detected DOGs must have similar 250/24 /im ratios as 
the detected DOGs. The upper limits on the 250/24 /j,m 
flux density ratios of SPIRE-undetected DOGs (shown 
in Figure [7]) tend to be at or below the fiux ratios for the 
detected DOGs at a given redshift. However, the limits 
are not dramatically lower than the flux densities for the 
detected sources. 

A simple stacking analysis on the Herschel images 
of the undetected DOGs gives a mean 250/24 /j,m flux 
density ratio of 7.8 ± 1.3 for the power-law DOGs, and 
21.3 ± 4.6 for the bump DOGs. (To get sufficient statis- 
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Fig. 11.— Top: F^(250) plotted against F^(24) for the bump 
(circles) and power-law (diamonds) DOGs. Also shown are 250 fim 
flux density upper limits for the objects not detected in Herschel 
(arrows). Middle: Histograms of the distribution of 24 fim flux 
densities for power-law DOGs that are detected (blue) and unde- 
tected (cyan) in Herschel. Bottom: Histograms of the distribution 
of 24 fj,m flux densities for bump DOGs that are detected (red) 
and undetected (brown) in Herschel. The power-law DOGs show 
a much stronger dependence on 24 fim flux density for detection 
in Herschel than the bump DOGs. Power-law DOGs fainter then 
Fy(24) < 1 mJy arc only detected ~ 30% of the time, whereas, the 
bulk of the bump DOGs have _F^(24) < 1 and most are detected. 

tics we needed to bin across the full redshift range for 
the two sample types.) As with the limits, these val- 
ues are at the low end of the distributions of 250/24 /im 
flux density ratios of the SPIRE detected DOGs. Thus 
we may be seeing evidence for a modest change in the 
mid-to-FIR SED shape for some DOGs. It is not clear if 
this change is purely a luminosity effect, with the unde- 
tected sample having lower total Lm for a given 24 fim 
flux density, or if this change is a far-IR temperature ef- 
fect, with the undetected DOGs possibly lacking a large 
reservoir of the coldest dust. That being said, the simple 
relations for estimating Lm given above are likely to be 
off by only modest amounts, as the detected sources with 
low 250/24 /im flux de nsity ratio have measured L/a's 
to within 50% of their iCharv fc Elba3 (|2001| ) predicted 
values. This agreement is far superior to the previous un- 
certain ties on Ljr for t he DOGs which exceeded factors 
of two (jDev et al.il2008l ). 



4.4. Comparing the DOGs to Other Galaxy Samples 

lElbaz et al.l (|2011|) presents the Herschel derived far- 
IR SEDs of star forming galaxies in the GOODS fields. 
They find that the bulk of them, including the z = 1 — 2 
LIRGs and ULIRGs, follow an infrared main sequence 
which they define based on the "IRS" parameter, where 
IRS = Ljfi/Ls and Lg = i/L^(8/im) is the luminosity at 
rest-frame 8 fim. Lg, is a good proxy for the PAH emis- 
sion strength from star formation. For most star form- 
ing galaxies in the local universe, PAH strength tracks 



Lib, in a predicta ble fashion, e.g. IRS — Ljji/Ls ^ 4 
(jElbaz et al.l 1201 ll ). These normal star forming galaxies 
define the infrared main sequence and also show a tight 
range of specific st ar formation rate s (see for instance , 
Noeske et al. 2007; Elbaz et al. '2007^ Daddi et al. "2001 
2009 : Pannella et al. 200 9: Magdis ct al. 2010). However, 



for galaxies undergoing a rapid starburst, PAH strength 
no longer tracks Lj^, and IRS increases. In the local uni- 
verse, ULIRGs typically lie off of the IR main sequence. 
They have IRS >> 4 (Figure [T3l shows the local sam- 
ple assembled in Elbaz et al. 2011, drawn from AKARI, 
ISO, and Spitzer missions). At z — 1 — 2, however, 
lElbaz et al.l (|201lD find that most LIRGs and ULIRGs 
not only have scaled up Ljji values but also scaled up 
PAH strength. This suggests that the mode of star for- 
mation in the typical z = 1 — 2 LIRGs and ULIRGs is 
more similar to local star forming galaxies than it is to 
local ULIRGs, and that selecting on Lju alone is not a 
good way to isolate extreme star-bursting galaxies. 

To compare the DOGs with these other samples, we 
calculate IRS values for all of our sample galaxies de- 
tected in Herschel. For the bump DOGs we use a scaled 
version of the NGC 6240 template to estimate Lg, and 
for the power-law DOGs we use a scaled up Mrk 231 
template. We scale the template to match the observed 
24 fim flux of the DOG. Then, as was done by Elbaz 
et al., we measure the mean flux density at rest- frame 
8 fixn within a "filter" that matches the Spitzer IRAC 8 
fim filter (i.e. channel 4). We then convert to Lg using 
the luminosity distance. 

Figure [121 compares the IRS values from lElbaz et"aLl 
(J2011I) with those of the DOGs. As described above, 
the bulk of the GOODS galaxies lie in a tight range of 
1 < IRS < 8, with a peak at IRS = 4. The GOODS- 
sample does contain a tail of galaxies with IRS > 8 which 
are classified as burst mode galaxies. In contrast with 
the typical GOODS galaxies, the median IRS values of 
the DOGs are significantly higher. The power-law DOGs 
show a tight distribution centered on IRS ~ 6. We saw 
this same result in the previous section where we found 
Lir/ vL„{2A fim observed frame) = 6.5 ± 1.4. In con- 
trast, the bump DOGs show an wide range in IRS, but 
prefer high values. Only a handful are near the peak 
of the normal GOODS galaxies of IRS = 4. The IRS 
values of the bump DOGs are closer to those of the lo- 
cal ULIRGs (which also have high IRS values) and the 
star-bursting samples in GOODS, rather than the main 
sequence z = 2 ULIRGs. They also overlap with sub- 
mm galaxies which typically have even higher IRS ^ 20 
(|Pope et al.ll2008bD . 

For those 11 bump DOGs observed with Spitzer IRS 
([Desai et al. 2009) we directly measured Lg from the 
spectrum. All of the IRS derived IRS values match those 
derived from NGC 6240 to within better than 50%, and 
in no cases do the IRS derived values change whether a 
DOG would be in the starburst vs. main sequence region 
of the IRS plot. For 7 of the 11 bump DOGs observed 
with IRS, the IRS derived IRS values are higher than 
those derived f rom N GG 6240. 

El baz et al.l (|2011h points out that IRS values tend to 
increase when the star formation is occurring in morpho- 
logically compact regions. In the local ULIRGs, these 
highly compact star forming regions are typically the re- 
sult of major mergers funneling gas to the centers of these 
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Fig. 12. — Left: Liii/uL,y{24) (observed frame) plotted as a function of redshift for the power-law (blue diamonds) and bump (red 
circles) DOGs. For the power-law DOGs, L/j} is well predicted by 24 ^m luminosity with a mean Ljii/uL,y{24) = 6.5 ± 1.4. The much 
larger scatter of the bump DOGs, especially around z = 2 when the 8 /im PAH features shift into the 24 ^m passband, means that a 
simple relation will not work well for predicting Lju's of the bumps. Right; The Chary & Elbaz (2001) predicted IR luminosity, based on 
the 24 /im flux density and r edshift, plotted a s a fu nction of the measured IR luminosity from the Spitzer and Herschel photometry. The 
flux dependent relatio n from [Chary fc Elbad l|2001l ) works quite well for predicting the true IR luminosity of the bump DOGs. However, 
ICharv Hi Elbazi 1120011) has been sh own t o fail for other s amples of 2 = 2 ULIRGs which behave more like scaled up versions of local star 
forming galaxies IIElbaz et al.ll2011l) . The ICharv fc Elb az (2001) templates tend to over-predict the L/h's of the power-law DOGs because 
these galaxies have an excess of warm dust from the central AGN. 

systems. It is not clear if the same merger related pro- 
cesses are leading to the high IRS values of the DOGs. 
While there is certainly evidence for some merging in the 
DOG s amples ( Melbou rne et al.l 120091 : iBussmann et al.l 
I2009bl : iDonlev et al.. .2010l ). the fractions with obvious 
m.ajor merger signatures remain small, less than 30%. 

For the bump DOGs there does appear to be a trend of 
decreasing effective radius with increasing IRS value, as 
shown in Figure 1141 This result may be indicating that 
the high IRS values of the DOGs are also associated with 
more compact geometry. We caution, however, the sam- 
ple with radius measurements is small. In addition , these 
sizes are me asured from ne ar-IR HST (IBu ssman n et alJ 
l2009bl [20iT) and Keck AO (Melbour ne et al.ll2008n2009 l) 
images of the DOGs, and therefore trace the stellar light 
rather than the star forming gas. A better comparison 
would be to determine the characteristic sizes of the star 
forming gas itself, for instance with the Atacama Large 
Millimeter Array (ALMA). 

The moderately high IRS values of the power-law 
DOGs also differentiat e them from the lower luminosity 
AGN in GOODS. Elba z et al.l ([20TT[ ) shows that both the 
x-ray selected and IR selected AGN in GOODS tend to 
follow the same IRS trend lines (i.e. IRS ~ 4) as the non- 
AGN systems. In contrast the power-law DOGs prefer 
somewhat higher IRS values {IRS ~ 6). This basically 
means that for a given amount of rest-frame 8 /im flux 
the power-law DOGs have higher IR luminosities than 
the typical GOODS AGN. The power-law DOGs could 
have higher fractions of cold dust than the GOODS AGN, 
which would tend to increase Lm without increasing Lg , 
or they could just be producing more IR luminosity for 
a given amount of PAH emission. 

Some star formation, even in the power-law DOGs, 

would not be a major surprise. For instance, 

iMullanev et al.l (|20lH ) found that the X-ray selected 
AGN in GOODS have far-IR SEDs very similar to normal 



star forming galaxies and are likely to have ongoing star 
formation. Likewise, while the IR luminosity of Mrk 231 
is dominated by hot dust from an AGN, there is strong 
evidence for significant ci rcum-nuclear star f ormation of 
as much as 100 Mgyr"^ (jDavies et al.ll2004[ ). Thus the 
power-law DOGs, which have SEDs similar to Mrk 231, 
may also host some star formation. This additional star 
formation could increase IRS if it is also in a low PAH 
mode. 

Again, the DOGs that are not detected in Herschel 
may behave differently in the IRS plots from the de- 
tected ones. However, their IRS limits do not suggest 
significantly lower IRS values (see Figures[ T3land fT4|) . ex- 
cept for a handful of sources. iPope et"al] (2008a) showed 
that for 12 lower luminosity (L/ij~ 1 x 10^^) DOGs in 
the GOODS field that IRS ~ 7, so there may be some 
luminosity dependence on these results. 

While the IRS values and the observed-frame 250/24 
/im ratios of the DOGs are similar to the local ULIRGs, 
their far-IR dust temperatures (as measured by the 
observed-frame 250/350 /xm ratio) tend to be cooler. 
The median temperature of the -ffersc/ieZ-detected bump 
DOGs is 30 K, which is 10 — 20 K degrees cooler than 
the local ULIRGs measured in the same way (see Section 
3.3). The dust temperatures of the -ffersc/ieZ-detected 
power-law sources are only slightly higher (median T — 
35 K). In fact, the median far-IR temperature of the 
bump DOGs is also about 10 degrees cooler than the 
median temperature of the GOODS star-burst samples. 

Sub-nim galaxies also exhibit e xtreme star-formation 
rates and cold dust temps (e.g., 'Chapm an et al.l 120051 : 
Kovacs et al. 2006; Chapman et al. 2010). The bump 
DOGs show very similar far-IR temperatures to the 
sub-nim galaxies. Thus, while the -ffersc/ieZ-detected 
DOGs appear to primarily be scaled up versions of lo- 
cal ULIRGs, they also likely host additional cold dust 
not seen in local ULIRGs or the other high-z starbursts. 




Fig. 13. — Top: IR luminosity plotted as a function of IRS = 
Lir/Ls, where Lg = uL,y{8fj,va rest-frame). Power-law DOGs are 
shown as blue diamonds, while bump DOGs are shown as red cir- 
cles. The median IRS value, for z = 1 — 2 LIRGs and ULIRGs in 
GOODS, is shown as the thick vertical dashed line. The division 
between "main sequence" and "starburst" galaxies is shown by the 
thick vertical dotted line, with starburst galaxies exhibiting higher 
IRS values. The Ljji vs. IRS for local ULIRGs is shown as the 
dot-dashed line, which lies in the starburst region. Middle: Same 
as top only now Lg is plotted as a function of IRS. Limits on IRS 
for Herschel non-detected galaxies are shown as arrows. Bottom: 
Histograms of IRS values for galaxies in the GOODS field (black, 
[Elbaz ct al. 2011), compared with the power-law (blue) and bump 
(red) DOGs. The bulk of the GOODS galaxies including the typi- 
cal high-z LIRGs and ULIRGs have IRS ~ 4 (dashed line), defining 
a main sequence of star formation at z = 1 — 2. Galaxies with high 
IRS values (> 8, dotted line) are assumed to be in a starburst mode 
with star formation occurring in very high density gas where PAH 
emission is suppressed compared to Lju. The power-law DOGs 
have tight distribution of IRS values with a mean around IRS ~ 6. 
Meanwhile the bump DOGs show a wide range of IRS values, how- 
ever, most are high compared with the average z = 2 LIRGs and 
ULIRGs in GOODS (e.g., dashed line). Bump DOGs have IRS 
values similar to local ULIRGs and high-z starburst rather than 
like main-sequence z = 2 ULIRGs. 

except for sub-mm galaxies. These results may suggest 
a deeper connection between bump DOGs and sub-mm 
galaxies, than was possible to make based on shorter 
wavelength data alone. 

5. CONCLUSIONS 

We use Herschel SPIRE observations in the Bootes 
field of the NDWFS, to constrain the far-IR SEDs of a 
sample of 113 optically faint z — 2 ULIRGs selected to 
haveR- [24] > 14 [mag] (i.e., F^(24 /im)/F^(i?) > 1000). 
Galaxies selected this way are termed dust obscured 
galaxies or DOGs and are among the most luminous ob- 
jects at z = 2. 

We find that the observed-frame 250/24 /im flux den- 
sity ratios of the Herschel detected DOGs (60% of the 
sample) are well predicted by their rest-frame near-IR 
SEDS. DOGs with power-law SEDs at near-IR wave- 
lengths tend to have 250/24 /itm ratios similar to the local 




Fig. 14. — Morphological half-light radius plotted as a function 
of IRS for the power-law (diamonds) and bump (circles) DOGs. 
IRS limits for Herschel non-detected DOGs are also shown (ar- 
rows). The median IR.8 value, for z = 1 - 2 LIRGs and ULIRGs 
in GOODS, is shown as the thick vertical dashed line. The divi- 
sion between "main sequence" and "starburst" galaxies is shown 
by the thick vertical dotted line, with starburst galaxies exhibiting 
higher IRS values. Size is measured from rest-frame optical light in 
HST NIC MOS (Bussmann ct al. 2009b, 2011) or Keck AO imaging 
HMelbourne et al.ll2009l ^. While the power-law DOGs show no ob- 
vious trend of IRS with size, there is a correlation between the two 
for bump sources (red line, with a Pearson correlation coefficient, 
p = —0.62). The most compact obj ects tend to have the highest 
IRS values. This is similar to what lElbaz et al l (2011) found for 
local ULIRGs only they were able to measure size in the mid-IR. 
Compact sizes may decrease PAH to total IR emission in both the 
local and high-z ULIRGs. For the local sample the most compact 
sources have undergone a recent merger. 

AGN dominated ULIRG, Mrk 231. DOGs with a stel- 
lar bump in their rest-frame near-IR SED tend to have 
250/24 /im ratios similar to the local star-burst ULIRG, 
NGC 6240. 

The L/7?'s of the Herschel detected DOGs are also well 
predicted from their fluxes at shorter wavelengths. The 
IR lumi nosities of the bump DOGs are well predicted 
from the lCharv fc Elba3 (|200lD templates that scale with 
24 /im flux density. Power-law DOGs have L/^'s that 
are well predicted from an even simpler relation between 
their observed-frame 24 /im luminosity and IR luminos- 
ity, Lir/ iyL,{2A) = 6.5 ± 1.4. 

Power-law DOG exhibit lower 250/24 /tm flux density 
ratios than bump DOGs. Therefore, those power-law 
DOGs that are detected in SPIRE typically have much 
higher 24 /tm fluxes and ij/j's compared with bump 
DOGs at the same 250 /im flux. Indeed, ~ 50% of 
the SPIRE detected power-law DOGs have £/«> 10^^ 
Lq, whereas the SPIRE detected bump DOGs typically 
have LiR< IQ^^ Lq. The Herschel detected power-law 
DOGs are likely to contain some cold dust (boosting the 
observed 250 /im flux densities) but their high IR lumi- 
nosities are likely driven by the warm dust traced by the 
observed-frame 24 /im flux. In contrast the bump DOG 
luminosity is likely to be dominated by emission from 
c old dust. 

lElbaz et al.l (|2011f ) finds that a large fraction of the 
z = 1 - 2 LIRGs and ULIRGs in GOODS have IRd, = 
LirIvLu[%^u\ rest-frame) « 4 placing them on the 
main-sequence of star forming galaxies at those redshifts. 
In contrast, the bump DOGs tend to have high /i?8 val- 
ues, i.e. /i?8 >> 4, placing them in a star burst regime. 
High IR% values are more typical of starburst driven 
ULIRGs in the local universe, and of sub-mm galaxies 
at z ~ 2, where star formation is occurring in very dense 
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regions rather than in more spatially e xtended disks 
(jElbaz et al.ll201lURodighiero et al.ll20lTI ). We do find a 
trend whereby bump DOGs with smaller physical sizes 
(in stellar light) show higher IRS values. Additionally, 
while other z = 2 main sequence LIRGs and ULIRGs 
have 250/24 /im flux density ratios s imilar to lower lu- 
minosity local sta r forming galaxies flMuzzin et al.|[2010l : 
lElbaz et al.ll2011[ ). the DOGs have 250/24 ^m flux den- 
sity ratios well matched to local ULIRGs. 

However, the Herschel detected DOGs have cooler far- 
IR temperatures than local ULIRGs, ^ 30 — 40 K as 
compared to the 40 - 50 K for local ULIRGs. The 
dust temperatures for the DOGs is quite similar to those 
found for sub-mm galaxies. Selection biases may play a 
role in the distribution of measured temperatures of the 
DOGs. DOGs with warm far-IR dust temperatures need 
to have significantly higher IR luminosities to be detected 
at SPIRE wavelengths compared with DOGs with cool 
far-IR dust temperatures. However, the large fraction 
that do have cool temperatures suggest that some DOGs 
harbor a cool gas reservoir, that can boost their far-IR 
flux. 

There is some evidence (from detection limits and 
stacking) that the SEDs of the SPIRE-undetected DOGs 
exhibit lower observed-frame 250/24 /xm ratios then the 
SPIRE-detected DOGs. If these trends hold then the 
simple predictions of Lm given above may be over- 
estimated by a small factor (< 50%) for the far-IR faint 
DOGs. Similarly, a lower 250/24 /im ratio would likely 
mean that the undetected DOGs have lower IRS values 
than the SPIRE detected galaxies. Again, it is not clear 



if the non-detections are the result of lower IR luminosity, 
higher far-IR dust temperature, or both. 
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Galaxy ID 


RA 


Dec 


redshift 


R-[24] 


F,{24/.m)/F4R) 


F^{24:fmi) [mjy] 


SST.J142538.2+351855 


14 25 38.210 


+35 18 55.41 


2.30 


17.60 


2.56C+04 


0.85 + 0.05 


SST.J142541. 3+342420 


14 25 41.301 


+34 24 20.51 


2.19 


14.45 


1.40e+03 


0.67 + 0.04 


SST.J142544.5+344558^ 


14 25 44.586 


+34 45 58.32 


0.75 


15.65 


4.26e+03 


0.77 ± 0.04 


SST.J142554.9+341820 


14 25 54.994 


+34 18 20.80 


4.41 


15.36 


3.24e+03 


1.14 + 0.05 


SST.J142607.8+330425 


14 26 07.855 


+33 04 25.79 


2.09 


14.29 


1.21e+03 


0.54 ± 0.05 


SST_J142622.0+345249 


14 26 22.031 


+34 52 49.47 


2.00 


15.08 


2.51e+03 


1.30 + 0.05 


SST.J142626.4+344731 


14 26 26.499 


+34 47 31.20 


2.10 


19.02 


9.50C+04 


1.17 + 0.04 


SST.J142637.3+333025 


14 26 37.397 


+33 30 25.65 


3.20 


16.53 


9.59e+03 


0.64 ± 0.05 


SST.J142644.3+333051 


14 26 44.308 


+33 30 51.91 


3.31 


14.83 


1.99e+03 


1.14 + 0.04 


SST.J142645.7+351901 


14 26 45.710 


+35 19 01.42 


1.75 


15.76 


4.68C+03 


1.14 + 0.05 


SST_J142648.9+332927 


14 26 48.955 


+33 29 27.23 


2.00 


15.50 


3.69C+03 


2.33 + 0.07 


SST.J142652.5+345506 


14 26 52.515 


+34 55 06.05 


1.91 


15.11 


2.59e+03 


0.60 + 0.05 


SST.J142653.2+330221 


14 26 53.247 


+33 02 21.01 


1.86 


15.87 


5.18e+03 


0.88 + 0.05 


SST.J142724.9+350824 


14 27 24.917 


+35 08 24.34 


1.71 


15.88 


5.26e+03 


0.51 + 0.05 


SST_J142726.6+342228^ 


14 27 26.653 


+34 22 28.49 


0.82 


14.23 


1.14C+03 


0.45 + 0.04 


SST.J142741. 6+353240^ 


14 27 41.613 


+35 32 40.37 


1.63 


14.75 


1.86C+03 


0.85 + 0.04 


SST_J142748.4+344851 


14 27 48.450 


+34 48 51.21 


2.20 


14.57 


1.58C+03 


2.21 + 0.06 


SST.J142759.8+351243 


14 27 59.894 


+35 12 43.48 


2.10 


15.42 


3.45C+03 


1.54 + 0.04 


SST.J142800.6+350455 


14 28 00.692 


+35 04 55.29 


2.22 


14.53 


1.51C+03 


0.92 ± 0.05 


SST.J142801. 0+341525^ 


14 28 01.069 


+34 15 25.61 


1.19 


15.44 


3.49C+03 


2.49 + 0.07 


SST.J142804.1+332135 


14 28 04.131 


+33 21 35.33 


2.34 


15.67 


4.31e+03 


0.84 + 0.03 


SST.J142810.5+352509 


14 28 10.514 


+35 25 09.27 


1.85 


14.72 


1.81e+03 


0.65 + 0.04 


SST_J142813.0+341720^ 


14 28 13.011 


+34 17 20.38 


0.93 


15.09 


2.53C+03 


0.46 + 0.03 


SST.J142814.2+352245 


14 28 14.202 


+35 22 45.71 


2.39 


14.29 


1.21C+03 


0.57 + 0.04 


SST_J142815.4+324720 


14 28 15.450 


+32 47 20.54 


2.02 


15.34 


3.19C+03 


1.40 + 0.05 


SST.J142827.9+334550 


14 28 27.931 


+33 45 50.28 


2.77 


15.00 


2.34C+03 


0.77 + 0.05 


SST_J142832.4+340849 


14 28 32.443 


+34 08 49.83 


1.84 


14.17 


1.09C+03 


0.52 + 0.04 


SST_J142842.9+342409 


14 28 42.942 


+34 24 09.99 


2.18 


14.12 


1.03C+03 


3.11 + 0.13 


SST.J142846.6+352701 


14 28 46.630 


+35 27 01.94 


1.73 


16.43 


8.73C+03 


0.75 + 0.05 


SST.J142901. 5+353016 


14 29 01.593 


+35 30 16.07 


1.79 


14.05 


9.76C+02 


0.44 ± 0.06 


SST.J142902.6+353522^ 


14 29 02.659 


+35 35 22.04 


1.17 


14.81 


1.95C+03 


0.35 + 0.05 


SST.J142920.1+333023 


14 29 20.149 


+33 30 23.91 


2.01 


14.20 


l.lle+03 


0.51 + 0.04 


SST.J142924.8+353320 


14 29 24.836 


+35 33 20.65 


2.73 


15.96 


5.64C+03 


1.04 ± 0.05 


SST.J142928.5+350841 


14 29 28.542 


+35 08 41.21 


1.86 


14.39 


1.33e+03 


0.41 + 0.05 


SST.J142941. 0+340915 


14 29 41.085 


+34 09 15.73 


1.91 


14.64 


1.67C+03 


0.59 + 0.04 


SST.J142951. 1+342042 


14 29 51.196 


+34 20 42.06 


1.76 


14.57 


1.58C+03 


0.60 ± 0.04 


SST.J142958.3+322615 


14 29 58.345 


+32 26 15.45 


2.64 


16.01 


5.91e+03 


1.18 + 0.05 


SST.J143001. 9+334538 


14 30 01.923 


+33 45 38.49 


2.46 


16.60 


1.02C+04 


3.84 + 0.06 


SST.J143020.4+330344 


14 30 20.493 


+33 03 44.20 


1.87 


16.47 


9.00C+03 


0.54 + 0.05 


SST.J143022.5+330029 


14 30 22.592 


+33 00 29.24 


3.16 


15.59 


4.01C+03 


0.80 ± 0.04 


SST.J143025.7+342957 


14 30 25.748 


+34 29 57.39 


2.54 


15.23 


2.89C+03 


2.47 ± 0.05 


SST_J143027.1+344007^ 


14 30 27.180 


+34 40 07.85 


1.37 


15.28 


3.01C+03 


1.17 + 0.04 


SST_J143028.5+343221 


14 30 28.535 


+34 32 21.35 


2.18 


15.05 


2.44C+03 


1.27 + 0.05 


SST.J143052.8+342933^ 


14 30 52.896 


+34 29 33.06 


1.08 


15.08 


2.50C+03 


0.96 + 0.05 


SST.J143102.2+325152 


14 31 02.263 


+32 51 52.01 


2.00 


15.99 


5.83C+03 


1.19 + 0.05 


SST.J143103.0+350705^ 


14 31 03.003 


+35 07 05.65 


0.91 


14.09 


l.Olc+03 


0.36 + 0.05 


SST.J143109.7+342802 


14 31 09.792 


+34 28 02.71 


2.10 


16.86 


1.29C+04 


1.11 + 0.04 


SST.J143135.2+325456 


14 31 35.295 


+32 54 56.49 


1.48 


14.76 


1.87C+03 


1.51 + 0.05 


SST.J143137.1+334501 


14 31 37.108 


+33 45 01.65 


1.77 


14.72 


1.80C+03 


0.57 + 0.05 


SST.J143152.3+350030 


14 31 52.386 


+35 00 30.05 


1.50 


14.86 


2.06C+03 


0.52 + 0.05 


SST.J143201. 8+340408 


14 32 01.827 


+34 04 08.40 


1.86 


14.48 


1.44C+03 


0.67 + 0.04 


SST.J143216.8+335231 


14 32 16.846 


+33 52 31.72 


1.76 


14.28 


1.20e+03 


0.50 + 0.04 


SST.J143225.3+334716 


14 32 25.397 


+33 47 16.27 


2.00 


15.40 


3.38e+03 


1.28 + 0.05 


SST.J143234.9+333637^ 


14 32 34.929 


+33 36 37.65 


1.12 


14.47 


1.43C+03 


2.92 + 0.07 


SST.J143251. 8+333536 


14 32 51.823 


+33 35 36.52 


1.78 


16.02 


5.99C+03 


0.82 + 0.04 


SST.J143304.0+335853^ 


14 33 04.058 


+33 58 53.53 


1.00 


14.17 


1.09C+03 


0.44 + 0.06 


SST.J143307.8+335601^ 


14 33 07.822 


+33 56 01.53 


1.11 


15.27 


2.99C+03 


0.40 + 0.05 


SST.J143312.7+342011 


14 33 12.704 


+34 20 11.08 


2.12 


15.32 


3.14C+03 


1.76 ± 0.04 


SST.J143313.4+333510^ 


14 33 13.425 


+33 35 10.54 


1.06 


14.94 


2.21C+03 


0.86 ± 0.04 


SST.J143315.1+335628 


14 33 15.157 


+33 56 28.36 


1.77 


14.32 


1.25e+03 


0.83 ± 0.05 


SST.J143318.8+332203 


14 33 18.820 


+33 22 03.72 


2.17 


14.66 


1.71e+03 


0.43 ± 0.05 


SST.J143321. 8+342502 


14 33 21.823 


+34 25 02.04 


2.10 


14.04 


9.68C+02 


0.56 + 0.04 


SST.J143324.3+334239 


14 33 24.302 


+33 42 39.53 


1.91 


14.29 


1.22C+03 


0.53 + 0.04 


SST.J143325.8+333736 


14 33 25.844 


+33 37 36.66 


1.90 


15.22 


2.85C+03 


1.87 + 0.06 


SST.J143330.0+342234 


14 33 30.062 


+34 22 34.90 


2.08 


15.37 


3.27e+03 


1.92 + 0.05 


SST.J143331. 9+352027 


14 33 31.923 


+35 20 27.19 


1.91 


14.50 


1.47C+03 


0.60 + 0.05 


SST.J143332.5+332230 


14 33 32.571 


+33 22 30.76 


2.78 


15.50 


3.70C+03 


0.46 + 0.04 


SST.J143334.0+342518^ 


14 33 34.072 


+34 25 18.67 


1.02 


14.05 


9.75C+02 


0.33 + 0.04 


SST.J143335.6+354243^ 


14 33 35.643 


+35 42 43.10 


1.30 


14.06 


9.79C+02 


5.58 + 0.13 


SST.J143335.9+334716 


14 33 35.962 


+33 47 16.37 


2.35 


14.24 


1.16C+03 


0.59 + 0.04 


SST.J143349.5+334601 


14 33 49.578 


+33 46 01.74 


1.86 


14.36 


1.29e+03 


0.53 + 0.04 


SST.J143353.7+343155 


14 33 53.763 


+34 31 55.34 


1.41 


14.81 


1.97C+03 


0.68 + 0.05 


SST.J143358.0+332607 


14 33 58.008 


+33 26 07.25 


2.41 


17.72 


2.86e+04 


1.07 + 0.04 


SST.J143358.4+335328^ 


14 33 58.458 


+33 53 28.28 


1.81 


15.45 


3.54C+03 


1.04 + 0.04 


SST.J143407.4+343242 


14 34 07.467 


+34 32 42.49 


3.79 


15.07 


2.49C+03 


0.63 + 0.05 


SST.J143410.6+332641 


14 34 10.675 


+33 26 41.13 


2.26 


14.11 


1.02C+03 


0.63 ± 0.05 
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TABLE 1 - 


- Continued 






Galaxy ID 


RA 


Dec 


rcdshift 


R-[24] 


F^(2AiA.m)/F^{R) 


F^(2Afjim) [mjy] 


SST.J143424.4+334543 


14 34 24.478 


+33 45 43.24 


2.26 


15.56 


3.92C+03 


0.86 + 0.05 


SST.J143430.4+342704^ 


14 34 30.498 


+34 27 04.69 


0.86 


14.38 


1.31C+03 


0.98 + 0.08 


SST.J143430.6+342757'' 


14 34 30.659 


+34 27 57.05 


1.24 


14.71 


1.78C+03 


1.67 + 0.05 


SST_J143443.1+334452=' 


14 34 43.151 


+33 44 52.65 


1.18 


14.61 


1.62C+03 


0.51 + 0.05 


SST.J143446.6+334537^ 


14 34 46.652 


+33 45 37.24 


1.31 


15.66 


4.28e+03 


0.59 ± 0.05 


SST.J143447.7+330230 


14 34 47.710 


+33 02 30.47 


1.78 


16.93 


1.38C+04 


1.71 + 0.04 


SST.J143458.9+333437 


14 34 58.945 


+33 34 37.05 


2.13 


14.39 


1.33e+03 


0.57 + 0.05 


SST.J143502.9+342658 


14 35 02.933 


+34 26 58.78 


2.10 


14.15 


1.06C+03 


0.50 ± 0.04 


SST.J143503.2+340243 


14 35 03.241 


+34 02 43.59 


1.97 


15.04 


2.42e+03 


0.76 ± 0.06 


SST.J143504.1+354743 


14 35 04.131 


+35 47 43.30 


2.13 


16.56 


9.83e+03 


1.26 + 0.05 


SST.J143508.4+334739 


14 35 08.492 


+33 47 39.85 


2.10 


15.28 


3.03C+03 


2.65 + 0.08 


SST.J143509.7+340137 


14 35 09.708 


+34 01 37.05 


2.08 


14.44 


1.40C+03 


0.47 + 0.04 


SST.J143518.8+340427 


14 35 18.827 


+34 04 27.52 


2.00 


14.05 


9.73e+02 


0.40 ± 0.04 


SST.J143520.7+340418 


14 35 20.768 


+34 04 18.30 


1.79 


15.71 


4.48e+03 


1.53 + 0.06 


SST.J143520.7+340602 


14 35 20.739 


+34 06 02.92 


1.73 


14.11 


1.03C+03 


0.49 ± 0.05 


SST.J143522.0+343139^ 


14 35 22.046 


+34 31 39.78 


0.82 


14.87 


2.06C+03 


1.19 + 0.04 


SST.J143523.9+330706 


14 35 23.998 


+33 07 06.86 


2.59 


15.18 


2.75C+03 


1.09 + 0.05 


SST.J143539.3+334159 


14 35 39.353 


+33 41 59.25 


2.62 


16.97 


1.43C+04 


2.67 + 0.06 


SST_J143541. 2+334228^ 


14 35 41.210 


+33 42 28.40 


1.39 


14.20 


1.12C+03 


6.89 + 0.09 


SST.J143545.1+342831 


14 35 45.110 


+34 28 31.52 


2.50 


15.70 


4.46C+03 


1.96 ± 0.05 


SST.J143631. 8+350210 


14 36 31.857 


+35 02 10.79 


1.69 


22.31 


1.95C+06 


0.33 ± 0.05 


SST.J143632.7+350515 


14 36 32.739 


+35 05 15.97 


1.75 


14.21 


1.13e+03 


1.69 ± 0.04 


SST.J143634.3+334854 


14 36 34.303 


+33 48 54.54 


2.27 


14.95 


2.22e+03 


3.27 + 0.04 


SST.J143635.0+350515^ 


14 36 35.050 


+35 05 15.51 


0.87 


14.12 


1.04C+03 


0.68 + 0.04 


SST.J143641. 0+350207 


14 36 41.005 


+35 02 07.11 


1.95 


14.64 


1.68C+03 


0.33 + 0.05 


SST_J143641. 6+342752 


14 36 41.656 


+34 27 52.39 


2.75 


14.58 


1.58C+03 


0.53 + 0.03 


SST.J143644.2+350627 


14 36 44.231 


+35 06 27.39 


1.95 


14.96 


2.24C+03 


2.34 + 0.05 


SST.J143646.6+350253^ 


14 36 46.626 


+35 02 53.54 


0.91 


14.34 


1.27C+03 


0.60 + 0.04 


SST_J143701. 9+344630 


14 37 01.989 


+34 46 30.42 


3.04 


17.32 


1.98e+04 


0.51 + 0.06 


SST.J143725.1+341502 


14 37 25.148 


+34 15 02.60 


2.50 


16.60 


1.02C+04 


1.41 + 0.05 


SST.J143740.1+341102 


14 37 40.162 


+34 11 02.74 


2.20 


14.11 


1.02C+03 


0.95 + 0.04 


SST.J143741. 8+341009^ 


14 37 41.821 


+34 10 09.27 


1.21 


16.11 


6.47C+03 


0.59 + 0.05 


SST.J143742.5+341424 


14 37 42.579 


+34 14 24.93 


1.90 


15.45 


3.53e+03 


0.78 ± 0.04 


SST.J143743.2+341049^ 


14 37 43.260 


+34 10 49.36 


2.19 


16.02 


5.96C+03 


0.50 ± 0.04 


SST.J143801. 1+341357^ 


14 38 01.161 


+34 13 57.12 


1.25 


14.79 


1.93C+03 


2.59 ± 0.06 


SST.J143808.3+341016 


14 38 08.309 


+34 10 16.07 


2.50 


15.52 


3.78C+03 


1.71 + 0.05 


SST.J143816.6+333700 


14 38 16.600 


+33 37 00.63 


1.84 


14.26 


1.18C+03 


0.53 + 0.04 
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TABLE 2 
MuLTi- Wavelength Photometry (with limits in parentheses) 



Galaxy ID 


Bw 


R 


/ 


3.6 


4.5 


5.8 


8.0 




[Vega mag] 


[Vega mag] 


[Vega mag] 


[/^Jy] 


[MJy] 


[/^Jy] 


[MJy] 


SST.J142538. 2+351855 


(27.1) 


(26.1) 


(25.4) 


19.35 ± 2.44 


26.70 ± 3.40 


30.89 ± 10.21 


44.02 ± 8.04 


SST.J142541. 3+342420 


25.63 ± 0.14 


24.55 ± 0.31 


24.03 ± 0.19 


14.98 ± 2.33 


30.54 ± 3.70 


80.92 ± 14.62 


164.53 ± 13.04 


SST.J142544.5+344558 


21.60 ± 0.01 


25.59 ± 0.10 


20.17 ± 0.01 


129.37 ± 3.88 


112.71 ± 3.80 


132.03 ± 17.19 


168.90 ± 15.20 


SST.J142554.9+341820 


25.80 ± 0.15 


24.87 ± 0.23 


24.18 ± 0.14 


9.39 ± 1.92 


13.65 ± 2.58 


11.16 ± 7.86 


51.18 ± 9.19 


SST.J142607.8+330425 


26.28 ± 0.19 


24.61 ± 0.12 


24.00 ± 0.16 


32.04 ± 3.34 


44.26 ± 4.47 


75.84 ± 13.80 


131.12 ± 12.32 


SST_J142622. 0+345249 


24.84 ± 0.08 


24.46 ± 0.16 


24.04 ± 0.18 


4.29 ± 1.41 


4.09 ± 1.74 


(10.0) 


36.97 ± 7.70 


SST.J142626.4+344731 


(27.1) 


(26.1) 


(25.4) 


18.26 ± 2.69 


25.24 ± 3.43 


39.80 ± 12.05 


39.33 ± 8.32 


SST.J142637.3+333025 


(27.1) 


(26.1) 


24.97 ± 0.60 


4.42 ± 1.45 


11.93 ± 2.51 


34.77 ± 11.32 


89.06 ± 11.06 


SST.J142644.3+333051 


(27.1) 


24.34 ± 0.27 


(25.4) 


62.33 ± 4.63 


93.06 ± 6.28 


164.38 ± 19.84 


384.88 ± 18.73 


SST.J142645. 7+351901 


26.91 ± 0.41 


25.27 ± 0.25 


24.43 ± 0.22 


32.51 ± 3.39 


52.67 ± 4.77 


84.30 ± 14.65 


156.53 ± 12.47 


SST.J142648. 9+332927 


25.22 ± 0.17 


24.24 ± 0.36 


23.29 ± 0.15 


57.41 ± 4.46 


180.38 ± 8.75 


497.78 ± 33.14 


952.71 ± 28.56 


SST.J142652. 5+345506 


26.35 ± 0.19 


25.33 ± 0.41 


24.97 ± 0.56 


22.02 ± 0.74 


29.97 ± 1.13 


28.03 ± 5.88 


22.90 ± 6.79 


SST.J142653. 2+330221 


(27.1) 


25.66 ± 0.34 


24.68 ± 0.35 


19.20 ± 2.65 


29.57 ± 3.71 


34.53 ± 11.23 


64.53 ± 9.22 


SST.J142724.9+350824 


(27.1) 


(26.1) 


24.29 ± 0.77 


43.62 ± 3.64 


57.38 ± 4.59 


72.31 ± 12.91 


65.07 ± 9.07 


SST_J142726. 6+342228 


26.39 ± 0.30 


24.75 ± 0.60 


(25.4) 


18.58 ± 2.59 


24.36 ± 3.36 


28.64 ± 10.01 


55.23 ± 8.82 


SST_J142741. 6+353240 


(27.1) 


24.58 ± 0.07 


22.75 ± 0.08 


54.16 ± 2.78 


80.45 ± 3.55 


123.44 ± 17.13 


253.87 ± 15.46 


SST_J142748.4+344851 


23.15 ± 0.03 


23.37 ± 0.11 


23.53 ± 0.29 


15.43 ± 2.43 


50.52 ± 4.77 


162.55 ± 20.16 


472.98 ± 20.82 


SST_J142759. 8+351243 


24.95 ± 0.10 


24.61 ± 0.26 


(25.4) 


48.50 ± 4.72 


78.58 ± 6.90 


181.12 ± 23.64 


333.86 ± 21.02 


SST.J142800. 6+350455 


25.00 ± 0.10 


24.28 ± 0.17 


23.90 ± 0.35 


57.18 ± 4.42 


85.86 ± 6.07 


163.85 ± 19.39 


300.25 ± 16.48 


SST.J142801. 0+341525 


25.27 + 0.13 


24.10 ± 0.16 


21.13 ± 0.02 


28.56 ± 2.53 


37.56 ± 3.20 


71.50 ± 16.76 


136.80 ± 15.10 


SST.J142804. 1+332135 


(27.1) 


25.51 ± 0.20 


(25.4) 


5.56 ± 1.49 


8.49 ± 2.06 


(10.0) 


9.01 ± 7.06 


SST.J142810. 5+352509 


25.94 ± 0.16 


24.85 ± 0.19 


23.38 ± 0.11 


27.34 ± 3.10 


39.72 ± 4.10 


66.43 ± 12.95 


125.15 ± 11.80 


SST.J142813. 0+341720 


(27.1) 


25.58 ± 0.70 


24.35 ± 0.23 


39.31 ± 2.64 


39.19 ± 3.22 


45.21 ± 16.56 


25.28 ± 14.74 


SST.J142814.2+352245 


25.98 ± 0.18 


24.56 ± 0.18 


23.68 ± 0.12 


30.11 ± 3.19 


57.36 ± 4.88 


107.14 ± 16.32 


182.14 ± 13.40 


SST_J142815.4+324720 


24.65 ± 0.09 


24.63 ± 0.14 


24.11 ± 0.24 


19.64 ± 2.49 


24.49 ± 3.19 


46.96 ± 10.79 


86.27 ± 11.54 


SST.J142827.9+334550 


25.85 ± 0.25 


24.94 ± 0.20 


25.16 ± 0.37 


50.97 ± 4.20 


79.85 ± 5.87 


153.04 ± 19.07 


291.96 ± 17.15 


SST.J142832.4+340849 


25.81 ± 0.20 


24.53 ± 0.25 


23.59 ± 0.14 


35.94 ± 3.46 


43.72 ± 4.29 


49.76 ± 11.55 


34.49 ± 7.83 


SST_J142842. 9+342409 


23.57 ± 0.03 


22.54 ± 0.06 


21.47 ± 0.03 


126.16 ± 5.22 


200.71 ± 7.85 


393.40 ± 26.57 


695.73 ± 23.82 


SST.J142846. 6+352701 


26.67 ± 0.40 


(26.1) 


24.76 ± 0.43 


42.13 ± 3.81 


68.61 ± 5.40 


120.00 ± 17.12 


169.89 ± 13.16 


SST.J142901. 5+353016 


25.06 ± 0.10 


24.61 ± 0.30 


23.97 ± 0.17 


25.28 ± 2.96 


50.54 ± 4.68 


94.11 ± 15.39 


194.90 ± 13.88 


SST.J142902. 6+353522 


26.49 ± 0.33 


25.59 ± 0.56 


24.42 ± 0.29 


16.95 ± 2.38 


19.33 ± 2.84 


13.33 ± 7.71 


14.44 ± 6.85 


SST.J142920. 1+333023 


(27.1) 


24.58 ± 0.17 


23.96 ± 0.14 


19.07 ± 2.71 


24.84 ± 3.47 


36.64 ± 11.61 


16.19 ± 8.73 


SST.J142924.8+353320 


26.80 ± 0.35 


25.58 ± 0.47 


25.30 ± 0.62 


6.14 ± 1.58 


10.73 ± 2.26 


21.47 ± 8.65 


71.10 ± 10.64 


SST.J142928. 5+350841 


(27.1) 


25.00 ± 0.38 


(25.4) 


27.20 ± 2.93 


32.59 ± 3.62 


29.64 ± 10.68 


30.01 ± 8.19 


SST.J142941. 0+340915 


(27.1) 


24.88 ± -1.00 


24.58 ± 0.31 


31.36 ± 3.20 


42.12 ± 4.19 


47.87 ± 11.51 


41.51 ± 8.39 


SST_J142951. 1+342042 


24.99 ± 0.14 


24.78 ± 0.25 


23.46 ± 0.15 


42.64 ± 3.43 


54.93 ± 4.32 


60.41 ± 12.28 


42.83 ± 7.48 


SST.J142958. 3+322615 


26.00 ± 0.20 


25.49 ± 0.38 


24.59 ± 0.32 


28.89 ± 3.18 


48.02 ± 4.61 


111.18 ± 16.50 


219.02 ± 14.45 


SST.J143001. 9+334538 


25.45 ± 0.16 


24.79 ± 0.21 


25.03 ± 0.42 


13.08 ± 2.52 


26.03 ± 3.58 


113.40 ± 18.67 


459.79 ± 21.68 


SST.J143020. 4+330344 


(27.1) 


(26.1) 


24.37 ± 0.28 


34.90 ± 3.60 


44.10 ± 4.49 


54.17 ± 12.59 


47.09 ± 9.11 


SST.J143022. 5+330029 


(27.1) 


25.48 ± 0.32 


(25.4) 


39.32 ± 3.69 


47.96 ± 4.51 


89.13 ± 14.83 


196.75 ± 13.95 


SST.J143025. 7+342957 


24.84 ± 0.08 


23.91 ± 0.14 


19.03 ± 0.03 


21.07 ± 2.76 


53.53 ± 4.86 


164.03 ± 19.96 


527.81 ± 21.76 


SST.J143027. 1+344007 


25.63 ± 0.14 


24.76 ± 0.16 


23.18 ± 0.08 


155.97 ± 7.30 


270.25 ± 10.65 


422.36 ± 30.78 


605.96 ± 22.92 


SST_J143028. 5+343221 


25.17 ± 0.12 


24.45 ± 0.16 


24.16 ± 0.18 


27.99 ± 3.16 


47.58 ± 4.65 


120.87 ± 17.00 


288.38 ± 16.38 


SST.J143052. 8+342933 


(27.1) 


24.77 ± 0.25 


24.71 ± 0.44 


25.38 ± 2.43 


25.60 ± 3.02 


39.68 ± 11.41 


69.94 ± 10.80 


SST.J143102. 2+325152 


(27.1) 


25.46 ± 0.32 


24.99 ± 0.40 


3.89 ± 1.40 


5.86 ± 1.81 


(10.0) 


53.21 ± 8.28 


SST.J143103. 0+350705 


26.16 ± 0.23 


24.85 ± 0.20 


23.38 ± 0.10 


33.45 ± 3.02 


38.63 ± 3.83 


35.85 ± 10.26 


34.07 ± 7.27 


SST.J143109. 7+342802 


26.94 ± 0.58 


(26.1) 


25.25 ± 0.74 


7.46 ± 1.70 


10.10 ± 2.36 


27.44 ± 9.12 


62.63 ± 9.71 


SST.J143135. 2+325456 


(27.1) 


23.97 ± 0.10 


22.92 ± 0.15 


70.89 ± 4.88 


137.44 ± 7.62 


268.44 ± 24.63 


494.95 ± 21.21 


SST.J143137. 1+334501 


24.45 ± 0.15 


24.98 ± 0.20 


23.20 ± 0.20 


29.45 ± 3.00 


40.37 ± 3.93 


43.24 ± 11.08 


35.56 ± 8.20 


SST.J143152. 3+350030 


26.90 ± 0.24 


25.22 ± 0.33 


23.90 ± 0.14 


49.05 ± 3.99 


63.15 ± 5.11 


63.28 ± 12.71 


51.71 ± 8.93 


SST.J143201. 8+340408 


25.01 ± 0.15 


24.57 ± 0.33 


23.70 ± 0.26 


44.84 ± 3.91 


72.31 ± 5.55 


121.16 ± 16.80 


230.29 ± 14.71 


SST.J143216. 8+335231 


25.87 + 0.17 


24.68 ± 0.26 


24.23 ± 0.20 


32.44 ± 0.70 


41.36 ± 1.07 


46.59 ± 5.73 


42.10 ± 6.46 


SST.J143225. 3+334716 


26.18 ± 0.22 


24.79 ± 0.31 


(25.4) 


39.06 ± 3.70 


76.18 ± 5.78 


167.91 ± 19.74 


350.04 ± 18.02 


SST.J143234.9+333637 


24.53 ± 0.09 


22.96 ± 0.07 


21.53 ± 0.03 


147.49 ± 7.01 


311.92 ± 11.73 


704.43 ± 40.85 


1587.08 ± 38.34 


SST.J143251. 8+333536 


(27.1) 


25.90 ± 0.71 


24.37 ± 0.27 


41.54 ± 3.66 


55.22 ± 4.81 


69.30 ± 13.06 


110.40 ± 10.94 


SST.J143304.0+335853 


(27.1) 


24.72 ± 0.34 


(25.4) 


44.44 ± 3.80 


36.43 ± 4.01 


32.80 ± 10.37 


36.99 ± 8.91 


SST.J143307.8+335601 


(27.1) 


25.93 ± 0.85 


(25.4) 


11.06 ± 1.58 


8.40 ± 1.60 


3.45 ± 6.60 


9.40 ± 8.26 


SST_J143312. 7+ 342011 


24.62 ± 0.08 


24.37 ± 0.17 


23.57 ± 0.13 


27.90 ± 3.18 


35.07 ± 3.96 


65.51 ± 13.36 


106.35 ± 11.47 


SST.J143313. 4+333510 


(27.1) 


24.76 ± 0.32 


24.81 ± 0.23 


40.79 ± 3.75 


51.70 ± 4.73 


87.26 ± 14.82 


105.91 ± 11.27 


SST.J143315. 1+335628 


25.13 ± 0.12 


24.18 ± 0.13 


23.67 ± 0.13 


35.31 ± 3.61 


55.84 ± 5.04 


102.72 ± 16.22 


164.45 ± 13.50 


SST.J143318. 8+332203 


25.30 ± 0.12 


25.24 ± 0.27 


25.32 ± 0.35 


11.51 ± 1.96 


18.65 ± 2.83 


31.03 ± 9.42 


56.07 ± 9.09 


SST.J143321. 8+342502 


25.78 ± 0.16 


24.34 ± 0.18 


23.51 ± 0.13 


32.80 ± 3.33 


41.26 ± 4.22 


56.24 ± 12.69 


48.54 ± 9.21 


SST.J143324.3+334239 


25.76 ± 0.20 


24.64 ± 0.18 


23.25 ± 0.11 


41.53 ± 3.55 


54.05 ± 4.68 


50.36 ± 11.24 


52.86 ± 8.85 


SST.J143325. 8+333736 


25.59 ± 0.18 


24.20 ± 0.15 


23.46 ± 0.11 


62.00 ± 4.59 


81.27 ± 5.95 


118.04 ± 16.47 


141.31 ± 12.06 


SST.J143330. 0+342234 


25.00 ± 0.09 


24.32 ± 0.15 


24.25 ± 0.17 


6.97 ± 1.68 


12.28 ± 2.58 


17.71 ± 8.25 


64.66 ± 9.77 


SST.J143331. 9+352027 


25.98 ± 0.17 


24.71 ± 0.14 


23.84 ± 0.13 


26.47 ± 3.13 


35.43 ± 4.04 


41.37 ± 11.04 


25.97 ± 7.74 


SST.J143332. 5+332230 


26.31 ± 0.30 


25.99 ± 0.56 


(25.4) 


4.56 ± 1.35 


2.42 ± 1.53 


(10.0) 


13.52 ± 7.19 


SST.J143334.0+342518 


26.00 ± 0.20 


24.90 ± 0.23 


24.40 ± 0.22 


15.25 ± 1.91 


21.63 ± 2.52 


41.30 ± 11.01 


34.20 ± 7.37 


SST.J143335. 6+354243 


22.71 ± 0.01 


21.85 ± 0.02 


20.93 ± 0.02 


236.35 ± 8.93 


443.81 ± 13.61 


836.60 ± 42.63 


1611.98 ± 36.68 


SST.J143335. 9+334716 


25.15 ± 0.15 


24.46 ± 0.37 


24.32 ± 0.24 


30.14 ± 3.21 


41.57 ±4.21 


64.52 ± 12.66 


45.04 ± 14.80 


SST.J143349. 5+334601 


26.07 ± 0.30 


24.71 ± 0.36 


24.38 ± 0.19 


37.18 ± 3.76 


42.00 ± 4.93 


62.18 ± 13.59 


32.03 ± 8.14 


SST.J143353. 7+343155 


26.32 ± 0.10 


24.89 ± 0.18 


23.72 ± 0.13 


32.17 ± 3.24 


37.60 ± 4.08 


43.62 ± 11.67 


100.46 ± 10.62 


SST.J143358. 0+332607 


26.96 ± 0.48 


(26.1) 


(25.4) 


13.38 ± 2.36 


19.17 ± 3.16 


42.23 ± 10.88 


88.83 ± 10.74 


SST.J143358.4+335328 


26.42 ± 0.40 


25.06 ± 0.35 


23.34 ± 0.10 


12.91 ± 2.21 


15.52 ± 2.79 


23.84 ± 9.31 


67.37 ± 10.49 
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TABLE 2 — 


Continued 








Galaxy ID 


Bw 


R 


/ 


3.6 


4.5 


5.8 


8.0 




[Vega mag] 


[Vega mag] 


[Vega mag] 


[f^Jy] 


[^Jy] 


[/^Jy] 


[MJy] 


SST.J143407.4+343242 


26.80 ± 0.41 


25.24 ± 0.36 


24.96 ± 0.44 


(5.0) 


(5.0) 


(10.0) 


(10.0) 


SST.J143410. 6+332641 


24.12 ± 0.06 


24.27 ± 0.16 


23.52 ± 0.10 


50.90 ± 4.19 


80.72 ± 5.89 


148.90 ± 18.94 


271.27 ± 15.73 


SST.J143424.4+334543 


26.57 ± 0.42 


25.38 ± 0.45 


24.30 ± 0.25 


14.85 ± 2.33 


23.53 ± 3.32 


72.99 ± 14.19 


156.40 ± 13.94 


SST.J143430. 4+342704 


25.17 ± 0.17 


24.05 ± 0.19 


23.08 ± 0.24 


41.86 ± 2.66 


46.17 ± 3.28 


35.50 ± 16.49 


19.67 ± 14.72 


SST.J143430. 6+342757 


(27.1) 


23.81 ± 0.11 


22.48 ± 0.06 


95.41 ± 5.70 


132.65 ± 7.45 


225.24 ± 22.87 


402.23 ± 18.81 


SST.J143443. 1+334452 


(27.1) 


25.00 ± 0.50 


24.38 ± 0.27 


46.63 ± 2.71 


50.12 ± 3.31 


58.03 ± 16.66 


37.82 ± 14.78 


SST.J143446. 6+334537 


(27.1) 


25.88 ± 0.74 


25.40 ± 0.57 


24.19 ± 2.32 


31.41 ± 3.05 


38.12 ± 10.25 


29.79 ± 7.39 


SST.J143447.7+330230 


(27.1) 


26.00 ± 0.49 


(25.4) 


21.19 ± 2.74 


32.26 ± 3.77 


42.93 ± 11.91 


87.76 ± 10.70 


SST.J143458. 9+333437 


25.36 ± 0.14 


24.65 ± 0.20 


23.59 ± 0.15 


40.05 ± 3.67 


48.63 ± 4.58 


60.45 ± 13.03 


53.91 ± 8.37 


SST.J143502. 9+342658 


25.49 ± 0.14 


24.55 ± 0.36 


24.29 ± 0.28 


44.68 ± 3.41 


47.18 ± 4.35 


46.17 ± 12.50 


44.04 ± 8.42 


SST.J143503. 2+340243 


(27.1) 


24.99 ± 0.34 


24.27 ± 0.24 


34.33 ± 3.53 


46.20 ± 4.63 


54.47 ± 12.98 


45.09 ± 8.99 


SST.J143504. 1+354743 


(27.1) 


25.96 ± 0.53 


(25.4) 


21.02 ± 2.71 


33.80 ± 3.95 


50.83 ± 12.07 


86.62 ± 10.77 


SST.J143508. 4+334739 


24.72 ± 0.10 


23.88 ± 0.15 


23.45 ± 0.11 


14.40 ± 2.35 


16.58 ± 2.94 


34.86 ± 10.42 


175.34 ± 14.02 


SST.J143509. 7+340137 


(27.1) 


24.93 ± 0.21 


24.24 ± 0.25 


13.08 ± 1.92 


15.85 ± 2.55 


32.62 ± 8.79 


53.01 ± 9.88 


SST.J143518. 8+340427 


25.95 ± 0.29 


24.70 ± 0.21 


23.94 ± 0.17 


23.40 ± 2.80 


31.84 ± 3.75 


53.88 ± 12.22 


48.22 ± 8.90 


SST.J143520.7+340418 


25.49 ± 0.17 


24.90 ± 0.33 


24.27 ± 0.20 


5.76 ± 1.50 


7.10 ± 1.98 


15.10 ± 8.46 


7.42 ± 7.51 


SST.J143520.7+340602 


24.98 ± 0.10 


24.54 ± 0.20 


23.43 ± 0.12 


29.77 ± 3.20 


35.07 ± 3.96 


40.49 ± 11.11 


25.18 ± 8.17 


SST.J143522. 0+343139 


(27.1) 


24.33 ± 0.15 


23.24 ± 0.12 


18.71 ± 2.55 


37.33 ± 4.06 


77.18 ± 13.92 


229.19 ± 15.12 


SST.J143523. 9+330706 


26.73 ± 0.23 


24.74 ± 0.23 


23.51 ± 0.17 


17.70 ± 2.56 


34.10 ± 4.11 


93.47 ± 15.97 


250.31 ± 16.35 


SST.J143539. 3+334159 


26.23 ± 0.30 


25.56 ± 0.52 


24.52 ± 0.20 


14.09 ± 2.28 


23.88 ± 3.36 


65.81 ± 13.59 


249.48 ± 15.65 


SST_J143541. 2+334228 


23.65 ± 0.04 


21.76 ± 0.02 


20.33 ± 0.01 


237.03 ± 9.00 


490.18 ± 14.34 


953.06 ± 45.79 


1873.44 ± 39.42 


SST.J143545. 1+342831 


26.15 ± 0.24 


24.63 ± 0.34 


25.40 ± 0.71 


16.42 ± 2.50 


18.12 ± 2.97 


27.01 ± 9.38 


94.97 ± 10.42 


SST.J143631. 8+350210 


26.09 ± 0.17 


(26.1) 


(25.4) 


25.43 ± 2.78 


31.51 ± 3.41 


33.04 ± 10.00 


20.69 ± 6.64 


SST.J143632. 7+350515 


23.68 ± 0.03 


23.30 ± 0.04 


22.91 ± 0.08 


53.16 ± 4.25 


92.19 ± 6.24 


172.81 ± 20.11 


348.11 ± 17.89 


SST.J143634.3+334854 


23.88 ± 0.04 


23.32 ± 0.05 


22.50 ± 0.05 


91.91 ± 5.58 


170.14 ± 8.44 


350.49 ± 27.93 


680.33 ± 24.19 


SST.J143635. 0+350515 


24.99 ± 0.09 


24.20 ± 0.09 


23.54 ± 0.14 


30.98 ± 3.30 


39.66 ± 4.28 


63.52 ± 13.66 


50.21 ± 9.85 


SST.J143641. 0+350207 


25.56 ± 0.16 


25.50 ± 0.29 


24.78 ± 0.48 


20.65 ± 2.41 


26.01 ± 3.22 


30.59 ± 9.39 


43.40 ± 8.22 


SST_J143641. 6+342752 


25.42 ± 0.11 


24.93 ± 0.34 


24.58 ± 0.29 


23.84 ± 2.92 


38.75 ± 4.12 


77.88 ± 14.03 


162.06 ± 13.19 


SST.J143644.2+350627 


24.71 ± 0.14 


23.69 ± 0.09 


23.36 ± 0.20 


37.94 ± 3.63 


103.33 ± 6.56 


308.72 ± 26.39 


734.18 ± 25.06 


SST.J143646. 6+350253 


25.93 ± 0.18 


24.55 ± 0.20 


24.86 ± 0.33 


20.92 ± 2.78 


27.42 ± 3.57 


36.03 ± 10.58 


30.18 ± 8.05 


SST.J143701. 9+344630 


(27.1) 


(26.1) 


(25.4) 


18.01 ± 0.85 


17.85 ± 1.33 


13.23 ± 8.79 


36.96 ± 7.70 


SST_J143725. 1+341502 


26.63 ± 0.25 


25.88 ± 0.52 


(25.4) 


52.90 ± 4.26 


87.91 ± 6.12 


167.48 ± 19.65 


283.35 ± 16.32 


SST.J143740.1+341102 


25.75 ± 0.12 


23.82 ± 0.19 


24.18 ± 0.23 


52.29 ± 4.20 


79.78 ± 5.76 


148.03 ± 18.94 


236.90 ± 15.06 


SST.J143741. 8+341009 


(27.1) 


(26.1) 


24.72 ± 0.20 


27.79 ± 3.09 


41.22 ± 4.23 


61.62 ± 12.75 


128.49 ± 12.46 


SST.J143742. 5+341424 


25.50 ± 0.14 


25.37 ± 0.38 


24.29 ± 0.21 


32.66 ± 3.35 


54.17 ± 4.79 


98.05 ± 15.85 


172.93 ± 13.38 


SST.J143743. 2+341049 


(27.1) 


(26.1) 


24.50 ± 0.30 


16.27 ± 2.41 


22.10 ± 3.07 


32.95 ± 16.47 


30.81 ± 14.76 


SST.J143801. 1+341357 


24.46 ± 0.06 


23.42 ± 0.08 


22.68 ± 0.06 


48.61 ± 4.09 


99.71 ± 6.50 


232.00 ± 23.22 


530.01 ± 21.58 


SST.J143808. 3+341016 


25.58 ± 0.18 


24.60 ± 0.22 


22.92 ± 0.09 


35.92 ± 3.50 


73.19 ± 5.62 


193.71 ± 21.13 


411.91 ± 19.46 


SST.J143816. 6+333700 


25.94 ± 0.19 


24.61 ± 0.14 


23.71 ± 0.14 


24.10 ± 0.70 


29.37 ± 1.06 


31.24 ± 6.14 


19.82 ± 6.42 



TABLE 3 

MuLTi- Wavelength MIR and FIR Photometry, and Derived Properties 

(with limits in parentheses) 
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Galaxy ID 


24 


250 


350 


500 


near-IR 


mid/far-IR 


Lib'' 


Lir'' 


IR^"" 


Temp 




[mjy] 


[mJy] 


[mJy] 


[mJy] 


Class 


Class 


SED 


modcF 




[K] 


SST.J142538. 2+351855 


0.85 ± 0.05 


56.0 ± 6.1 


48.3 ± 6.1 


35.3 ± 10.0 


Bump 


NGC 6240 


1.21e+13 


1.08C+13 


10.89 


41 


SST.J142541. 3+342420 


0.67 ± 0.04 


29.3 ± 3.0 


33.6 ± 4.9 


26.6 ± 7.6 


PL 


NGC 6240 


7.31e+12 


7.57e+12 


11.52 


32 


SST.J142544.5+344558 


0.77 ± 0.04 


22.3 ± 5.4 


(20) 


(25) 


Bump 


NGC 6240 


4.53e+ll 


6.18e+ll 


10.63 


- 


SST.J142554.9+341820 


1.14 ± 0.05 


24.5 ± 6.5 


36.1 ± 5.8 


37.2 ± 7.7 


PL 


Mrk 231 


4.88e+13 


6.97C+13 


4.87 


47 


SST.J142607.8+330425 


0.54 ± 0.05 


(20) 


(20) 


(25) 


PL 


- 


(3.05e+12) 


5.47e+12 


(9.78) 


- 


SST_J142622. 0+345249 


1.30 ± 0.05 


(20) 


(20) 


(25) 


PL 


- 


(7.03e+12) 


1.18C+13 


(6.93) 


- 


SST.J142626.4+344731 


1.17 ± 0.04 


55.3 ± 5.3 


44.0 ± 5.1 


33.9 ± 10.6 


Bump 


NGC 6240 


l.lle+13 


1.20e+13 


17.20 


41 


SST.J142637.3+333025 


0.64 ± 0.05 


(20) 


(20) 


(25) 


PL 


- 


(1.36e+13) 


1.81e+13 


(6.55) 


- 


SST.J142644.3+333051 


1.14 ± 0.04 


(20) 


(20) 


(25) 


PL 


- 


(2.65e+13) 


3.51e+13 


(5.34) 


- 


SST.J142645. 7+351901 


1.14 ± 0.05 


49.9 ± 5.0 


43.6 ± 5.0 


17.8 ± 2.9 


PL 


Mrk 231 


6.68e+12 


7.47e+12 


6.89 


33 


SST.J142648. 9+332927 


2.33 ± 0.07 


(20) 


(20) 


(25) 


PL 


- 


(1.26e+13) 


2.11e+13 


(6.22) 


- 


SST.J142652.5+345506 


0.60 ± 0.05 


(20) 


(20) 


(25) 


Bump 


- 


(3.34e+12) 


4.86e+12 


(7.66) 


- 


SST_J142653. 2+330221 


0.88 ± 0.05 


35.6 ± 6.6 


24.4 ± 6.2 


(25) 


PL 


Mrk 231 


5.66e+12 


6.71C+12 


7.69 


43 


SST_J142724.9+350824 


0.51 ± 0.05 


(20) 


(20) 


(25) 


Bump 


- 


(2.83e+12) 


3.14e+12 


(6.28) 


- 


SST.J142726. 6+342228 


0.45 ± 0.04 


(20) 


(20) 


(25) 


Bump 


- 


(2.44e+ll) 


4.56e+ll 


(11.43) 


- 


SST_J142741. 6+353240 


0.85 ± 0.04 


(20) 


(20) 


(25) 


PL 


- 


(4.74e+12) 


4.67C+12 


(4.63) 


- 


SST_J142748.4+344851 


2.21 ± 0.06 


(20) 


(20) 


(25) 


PL 


- 


(1.39e+13) 


2.54e+13 


(6.77) 


- 


SST.J142759. 8+351243 


1.54 ± 0.04 


(20) 


(20) 


(25) 


PL 


- 


(8.79e+12) 


1.58e+13 


(7.13) 


- 


SST.J142800. 6+350455 


0.92 ± 0.05 


(20) 


(20) 


(25) 


PL 


- 


(5.97e+12) 


1.08e+13 


(8.14) 


- 


SST_J142801. 0+341525 


2.49 ± 0.07 


(20) 


(20) 


(25) 


PL 


- 


(5.75e+12) 


6.28e+12 


(4.21) 


- 


SST.J142804. 1+332135 


0.84 ± 0.03 


19.2 ± 8.7 


(20) 


(25) 


Bump 


Mrk 231 


7.82e+12 


1.13e+13 


6.33 


- 


SST.J142810. 5+352509 


0.65 ± 0.04 


(20) 


(20) 


(25) 


PL 


- 


(3.54e+12) 


4.84e+12 


(7.00) 


- 


SST.J142813. 0+341720 


0.46 ± 0.03 


(20) 


(20) 


(25) 


Bump 


- 


(3.90C+11) 


6.44e+ll 


(9.95) 


- 


SST_J142814.2+352245 


0.57 ± 0.04 


(20) 


(20) 


(25) 


PL 


- 


(5.23C+12) 


7.94C+12 


(8.04) 


- 


SST.J142815.4+324720 


1.40 ± 0.05 


38.4 ± 3.6 


40.8 ± 4.7 


32.9 ± 6.4 


PL 


Mrk 231 


1.02C+13 


1.30C+13 


8.71 


32 


SST.J142827.9+334550 


0.77 ± 0.05 


(20) 


(20) 


(25) 


PL 


- 


(1.18C+13) 


1.55C+13 


(6.10) 


- 


SST_J142832.4+340849 


0.52 ± 0.04 


16.9 ± 1.7 


22.1 ± 2.2 


(25) 


Bump 


Mrk 231 


3.20C+12 


3.88C+12 


7.45 


26 


SST_J142842. 9+342409 


3.11 ± 0.13 


29.2 ± 5.2 


24.8 ± 5.6 


(25) 


PL 


Mrk 231 


1.97e+13 


3.48e+13 


6.78 


40 


SST.J142846. 6+352701 


0.75 ± 0.05 


26.5 ± 3.7 


23.5 ± 3.3 


15.5 ± 2.2 


PL 


Mrk 231 


3.96e+12 


4.76e+12 


6.21 


33 


SST.J142901. 5+353016 


0.44 ± 0.06 


(20) 


(20) 


(25) 


PL 


- 


(2.40e+12) 


3.02e+12 


(7.58) 


- 


SST.J142902. 6+353522 


0.35 ± 0.05 


25.9 ± 7.0 


10.1 ± 1.8 


(25) 


Bump 


NGC 6240 


9.19e+ll 


8.60e+ll 


7.41 


90 


SST.J142920. 1+333023 


0.51 ± 0.04 


(20) 


(20) 


(25) 


Bump 


- 


(2.79e+12) 


4.69e+12 


(9.41) 


- 


SST.J142924.8+353320 


1.04 ± 0.05 


(20) 


(20) 


(25) 


PL 


- 


(1.52e+13) 


2.01e+13 


(5.61) 


- 


SST.J142928. 5+350841 


0.41 ± 0.05 


29.8 ± 4.4 


35.7 ± 5.3 


27.0 ± 8.7 


Bump 


NGC 6240 


4.05e+12 


3.13C+12 


11.75 


28 


SST_J142941. 0+340915 


0.59 ± 0.04 


45.9 ± 4.9 


41.6 ± 3.5 


(25) 


Bump 


NGC 6240 


5.86C+12 


4.75C+12 


12.11 


34 


SST_J142951. 1+342042 


0.60 ± 0.04 


54.0 ± 4.1 


54.3 ± 4.0 


52.2 ± 8.4 


Bump 


NGC 6240 


5.82C+12 


4.01C+12 


9.14 


30 


SST_J142958. 3+322615 


1.18 ± 0.05 


(20) 


(20) 


(25) 


PL 


- 


(1.54e+13) 


2.10C+13 


(5.63) 


- 


SST.J143001. 9+334538 


3.84 ± 0.06 


64.4 ± 4.4 


54.9 ± 5.0 


39.4 ± 7.8 


PL 


Mrk 231 


3.66e+13 


5.78e+13 


6.09 


43 


SST_J143020.4+330344 


0.54 ± 0.05 


24.0 ± 7.2 


20.2 ± 6.6 


(25) 


Bump 


NGC 6240 


3.70e+12 


4.16e+12 


8.25 


36 


SST.J143022. 5+330029 


0.80 ± 0.04 


16.4 ± 5.1 


(20) 


(25) 


PL 


Mrk 231 


1.38C+13 


2.20C+13 


5.33 


- 


SST.J143025. 7+342957 


2.47 ± 0.05 


26.1 ± 5.1 


21.3 ± 5.8 


(25) 


PL 


Mrk 231 


2.28C+13 


4.03C+13 


5.23 


46 


SST_J143027. 1+344007 


1.17 ± 0.04 


21.8 ± 6.7 


14.2 ± 6.3s 


(25) 


PL 


Mrk 231 


2.78C+12 


4.18C+12 


4.01 


38 


SST_J143028. 5+343221 


1.27 ± 0.05 


39.6 ± 5.7 


37.3 ± 4.7 


29.2 ± 7.6 


PL 


NGC 6240 


1.13C+13 


1.42C+13 


9.55 


36 


SST.J143052. 8+342933 


0.96 ± 0.05 


31.7 + 4.2 


26.6 ± 4.2 


32.0 ± 7.0 


Bump 


NGC 6240 


1.62e+12 


1.90C+12 


7.77 


26 


SST_J143102. 2+325152 


1.19 ± 0.05 


(20) 


(20) 


(25) 


PL 


- 


(6.46e+12) 


1.08C+13 


(7.07) 


- 


SST.J143103. 0+350705 


0.36 ± 0.05 


22.0 ± 1.9 


(20) 


(25) 


Bump 


NGC 6240 


4.54e+ll 


4.76C+11 


15.97 


- 


SST.J143109. 7+342802 


1.11 ± 0.04 


(20) 


(20) 


(25) 


PL 


- 


(6.34e+12) 


1.14e+13 


(7.68) 


- 


SST.J143135. 2+325456 


1.51 ± 0.05 


59.6 ± 3.7 


55.0 ± 4.5 


34.7 ± 8.4 


PL 


Mrk 231 


5.81e+12 


6.55e+12 


5.20 


29 


SST.J143137. 1+334501 


0.57 ± 0.05 


(20) 


(20) 


(25) 


Bump 


- 


(3.17e+12) 


3.86e+12 


(6.53) 


- 


SST.J143152. 3+350030 


0.52 ± 0.05 


41.2 ± 3.9 


55.7 ± 4.9 


46.2 ± 7.8 


Bump 


NGC 6240 


3.42C+12 


2.35C+12 


7.50 


23 


SST.J143201. 8+340408 


0.67 ± 0.04 


(20) 


(20) 


(25) 


PL 


- 


(3.63C+12) 


5.05C+12 


(7.05) 


- 


SST.J143216. 8+335231 


0.50 ± 0.04 


33.1 ± 4.6 


26.3 ± 5.7 


23.1 ± 7.9 


Bump 


NGC 6240 


3.74C+12 


3.33C+12 


7.05 


36 


SST.J143225. 3+334716 


1.28 ± 0.05 


(20) 


(20) 


(25) 


PL 


- 


(6.95C+12) 


1.16C+13 


(6.95) 


- 


SST.J143234.9+333637 


2.92 ± 0.07 


37.5 ± 3.6 


31.1 ±4.3 


(25) 


PL 


Mrk 231 


3.99e+12 


6.30e+12 


5.17 


27 


SST.J143251. 8+333536 


0.82 ± 0.04 


24.4 ± 5.4 


18.2 ± 4.6 


(25) 


PL 


Mrk 231 


4.21e+12 


5.60e+12 


6.15 


39 


SST.J143304.0+335853 


0.44 ± 0.06 


(20) 


(20) 


(25) 


Bump 


- 


(4.89e+ll) 


7.22e+ll 


(9.09) 


- 


SST.J143307.8+335601 


0.40 ± 0.05 


(20) 


(20) 


(25) 


Bump 


- 


(6.81C+11) 


8.50C+11 


(8.02) 


- 


SST_J143312. 7+ 342011 


1.76 ± 0.04 


18.7 ± 2.4 


(20) 


(25) 


PL 


Mrk 231 


1.04C+13 


1.84C+13 


6.71 


- 


SST.J143313.4+333510 


0.86 ± 0.04 


58.7 ± 4.6 


67.2 ± 4.9 


67.6 ± 8.5 


Bump 


NGC 6240 


2.14e+12 


1.65e+12 


11.63 


21 


SST.J143315. 1+335628 


0.83 ± 0.05 


(20) 


(20) 


(25) 


PL 


- 


(4.56e+12) 


5.54e+12 


(5.73) 


- 


SST.J143318. 8+332203 


0.43 ± 0.05 


24.4 ± 5.2 


23.9 ± 2.8 


(25) 


PL 


NGC 6240 


4.85e+12 


4.76e+12 


12.18 


35 


SST.J143321. 8+342502 


0.56 ± 0.04 


27.5 ± 5.8 


15.6 ± 2.5 


(25) 


Bump 


NGC 6240 


5.06e+12 


5.70C+12 


16.46 


58 


SST.J143324.3+334239 


0.53 ± 0.04 


28.2 ± 2.3 


36.8 ± 2.6 


36.2 ± 4.0 


Bump 


NGC 6240 


4.90e+12 


4.30e+12 


11.19 


27 


SST.J143325. 8+333736 


1.87 ± 0.06 


76.9 ± 5.5 


69.1 ± 5.4 


51.3 ± 7.8 


Bump 


NGC 6240 


1.34e+13 


1.50e+13 


8.76 


34 


SST.J143330. 0+342234 


1.92 ± 0.05 


16.1 ± 8.4 


(20) 


(25) 


PL 


Mrk 231 


1.06e+13 


1.92e+13 


6.39 


- 


SST.J143331. 9+352027 


0.60 ± 0.05 


39.6 ± 3.8 


43.5 ± 3.7 


43.0 ± 6.6 


Bump 


NGC 6240 


6.02e+12 


4.88e+12 


12.12 


30 


SST.J143332. 5+332230 


0.46 ± 0.04 


23.4 ± 4.3 


18.5 ± 5.4 


(25) 


PL 


Mrk 231 


8.56e+12 


9.37e+12 


7.86 


50 


SST.J143334.0+342518 


0.33 ± 0.04 


25.8 ± 6.0 


30.0 ± 4.8 


18.9 ± 5.5 


Bump 


NGC 6240 


7.80e+ll 


5.80e+ll 


13.99 


20 


SST.J143335. 6+354243 


5.58 ± 0.13 


(20) 


(20) 


(25) 


PL 


- 


(1.81e+13) 


1.74e+13 


(3.43) 


- 


SST.J143335. 9+334716 


0.59 ± 0.04 


22.5 ± 3.7 


20.2 ± 8.5 


(25) 


Bump 


Mrk 231 


6.62C+12 


8.02C+12 


7.37 


40 


SST.J143349. 5+334601 


0.53 ± 0.04 


45.6 ± 2.6 


40.3 ± 3.3 


41.5 ± 6.9 


Bump 


NGC 6240 


5.52e+12 


4.02e+12 


12.70 


34 


SST.J143353.7+343155 


0.68 ± 0.05 


(20) 


(20) 


(25) 


Bump 


- 


(2.88e+12) 


2.60e+12 


(4.61) 


- 
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TAB] 


LE 3 — Continued 












Galaxy ID 


24 


250 


350 


500 


near-IR 


mid/far-IR 


LlR^ 


LlR^ 


IR8^ 


Temp 




[mjy] 


[mJy] 


[mJy] 


[mJy] 


Class 


Class 


SED 


modeF 




[K] 


SST.J143358. 0+332607 


1.07 ± 0.04 


(20) 


(20) 


(25) 


PL 


- 


(1.02e+13) 


1.54C+13 


(6.41) 


- 


SST.J143358. 4+335328 


1.04 ± 0.04 


(20) 


(20) 


(25) 


PL 


- 


(5.72e+12) 


7.41e+12 


(5.72) 


- 


SST_J143407.4+343242 


0.63 ± 0.05 


(20) 


(20) 


(25) 


Bump 


- 


(2.24e+13) 


2.66C+13 


(5.80) 


- 


SST.J143410.6+332641 


0.63 ± 0.05 


(20) 


(20) 


(25) 


PL 


- 


(4.51e+12) 


7.70e+12 


(8.73) 


- 


SST.J143424.4+334543 


0.86 ± 0.05 


15.3 ± 2.3 


(20) 


(25) 


PL 


Mrk 231 


6.55e+12 


1.06e+13 


6.92 


- 


SST.J143430.4+342704 


0.98 ± 0.08 


60.0 ± 4.2 


55.4 ± 3.8 


48.2 ± 5.2 


Bump 


Arp 220 


1.27e+12 


1.12e+12 


16.62 


22 


SST.J143430.6+342757 


1.67 ± 0.05 


(20) 


(20) 


(25) 


PL 


- 


(4.54C+12) 


4.67e+12 


(4.20) 


- 


SST.J143443. 1+334452 


0.51 ± 0.05 


18.9 ± 6.7 


(20) 


(25) 


Bump 


Mrk 231 


1.02C+12 


1.26C+12 


4.65 


- 


SST.J143446. 6+334537 


0.59 ± 0.05 


21.5 ± 5.0 


26.4 ± 5.7 


22.5 ± 10.2 


Bump 


Mrk 231 


1.76e+12 


1.90C+12 


2.70 


22 


SST.J 143447. 7+330230 


1.71 ± 0.04 


96.0 ± 4.5 


69.4 ± 3.8 


55.9 ± 5.4 


PL 


NGC 6240 


1.17e+13 


1.17e+13 


8.20 


40 


SST.J143458. 9+333437 


0.57 ± 0.05 


27.4 ± 5.1 


35.8 ± 7.2 


24.9 ± 8.6 


Bump 


NGC 6240 


6.28e+12 


6.07e+12 


19.73 


29 


SST.J143502. 9+342658 


0.50 ± 0.04 


60.1 ± 5.4 


63.5 ± 4.6 


56.5 ± 6.5 


Bump 


Arp 220 


9.18e+12 


5.14e+12 


33.12 


33 


SST.J143503. 2+340243 


0.76 ± 0.06 


43.8 ± 4.1 


50.1 ± 4.9 


42.9 ± 8.8 


Bump 


NGC 6240 


7.58e+12 


6.69e+12 


13.56 


30 


SST.J143504.1+354743 


1.26 ± 0.05 


22.2 ± 6.1 


18.7 ± 3.5 


(25) 


PL 


Mrk 231 


8.58e+12 


1.34e+13 


7.62 


39 


SST.J143508. 4+334739 


2.65 ± 0.08 


(20) 


(20) 


(25) 


PL 


- 


(1.51e+13) 


2.72e+13 


(6.53) 


- 


SST.J143509. 7+340137 


0.47 ± 0.04 


15.5 ± 7.7 


(20) 


(25) 


PL 


Mrk 231 


3.46e+12 


4.65e+12 


8.63 


- 


SST.J143518. 8+340427 


0.40 ± 0.04 


31.7 ± 5.4 


27.0 ± 5.4 


15.0 ± 6.1 


Bump 


NGC 6240 


4.41e+12 


3.63e+12 


18.38 


37 


SST.J 143520. 7+340418 


1.53 ± 0.06 


(20) 


(20) 


(25) 


PL 


- 


(8.44e+12) 


1.06e+13 


(5.07) 


- 


SST.J143520. 7+340602 


0.49 ± 0.05 


13.5 ± 4.1 


7.4 ± 2.3 


(25) 


Bump 


Mrk 231 


2.24e+12 


3.12e+12 


3.75 


53 


SST.J143522. 0+343139 


1.19 ± 0.04 


24.5 ± 2.0 


36.2 ± 3.0 


45.6 ± 5.6 


PL 


NGC 6240 


9.59e+ll 


1.19e+12 


9.97 


16 


SST.J143523. 9+330706 


1.09 ± 0.05 


15.6 ± 5.5 


(20) 


(25) 


PL 


Mrk 231 


1.09e+13 


1.87e+13 


5.37 


- 


SST.J143539. 3+334159 


2.67 ± 0.06 


34.0 ± 6.1 


22.1 ± 5.1 


(25) 


PL 


Mrk 231 


2.72e+13 


4.69e+13 


5.28 


58 


SST_J143541. 2+334228 


6.89 ± 0.09 


42.8 ± 6.1 


29.9 ± 7.6 


(25) 


PL 


Mrk 231 


1.43e+13 


2.54e+13 


3.38 


35 


SST.J143545. 1+342831 


1.96 ± 0.05 


16.2 ± 8.1 


(20) 


(25) 


PL 


Mrk 231 


1.64e+13 


3.06e+13 


5.10 


- 


SST.J143631. 8+350210 


0.33 ± 0.05 


42.4 ± 5.0 


29.6 ± 4.8 


(25) 


Bump 


NGC 6240 


3.20e+12 


1.99C+12 


6.47 


40 


SST.J143632. 7+350515 


1.69 ± 0.04 


32.6 ± 2.4 


34.7 ± 2.3 


51.4 ± 7.4 


PL 


Mrk 231 


7.98e+12 


l.lOe+13 


5.58 


29 


SST.J143634.3+334854 


3.27 ± 0.04 


63.3 ± 6.0 


43.3 ± 5.8 


28.0 ± 7.1 


PL 


Mrk 231 


2.61e+13 


4.04e+13 


7.23 


49 


SST.J143635. 0+350515 


0.68 ± 0.04 


38.3 ± 1.8 


30.8 ± 2.1 


(25) 


Bump 


Arp 220 


7.98e+ll 


7.80e+ll 


21.14 


24 


SST.J143641. 0+350207 


0.33 ± 0.05 


(20) 


(20) 


(25) 


Bump 


- 


(1.85e+12) 


2.82e+12 


(10.53) 


- 


SST_J 143641 .6+342752 


0.53 ± 0.03 


(20) 


(20) 


(25) 


PL 


- 


(7.92e+12) 


1.04C+13 


(7.11) 


- 


SST.J143644.2+350627 


2.34 ± 0.05 


50.2 ± 5.5 


40.0 ± 5.8 


27.0 ± 7.7 


PL 


Mrk 231 


1.37C+13 


2.00e+13 


6.85 


39 


SST.J143646. 6+350253 


0.60 ± 0.04 


25.8 ± 6.3 


20.9 ± 3.9 


(25) 


Bump 


NGC 6240 


7.04e+ll 


7.85C+11 


15.02 


25 


SST.J143701. 9+344630 


0.51 ± 0.06 


62.0 ± 4.3 


92.7 ± 4.5 


94.4 ± 6.9 


Bump 


NGC 6240 


2.72e+13 


1.28e+13 


10.02 


35 


SST_J143725. 1+341502 


1.41 ± 0.05 


32.8 ± 4.2 


34.8 ± 6.5 


26.2 ± 10.9 


PL 


Mrk 231 


1.59e+13 


2.21e+13 


6.89 


37 


SST.J143740. 1+341102 


0.95 ± 0.04 


(20) 


(20) 


(25) 


PL 


- 


(5.93e+12) 


1.08e+13 


(8.13) 


- 


SST.J143741. 8+341009 


0.59 ± 0.05 


(20) 


(20) 


(25) 


PL 


- 


(1.44e+12) 


1.55C+12 


(5.83) 


- 


SST.J143742. 5+341424 


0.78 ± 0.04 


(20) 


(20) 


(25) 


PL 


- 


(4.33e+12) 


6.29e+12 


(6.93) 


- 


SST.J143743. 2+341049 


0.50 ± 0.04 


28.5 ± 4.4 


27.8 ± 4.0 


25.8 ± 4.8 


Bump 


NGC 6240 


6.10e+12 


5.68e+12 


19.62 


36 


SST.J143801. 1+341357 


2.59 ± 0.06 


(20) 


(20) 


(25) 


PL 


- 


(7.25e+12) 


7.38e+12 


(3.90) 


- 


SST.J143808. 3+341016 


1.71 ± 0.05 


(20) 


(20) 


(25) 


PL 


- 


(1.84e+13) 


2.67e+13 


(5.53) 


- 


SST.J143816. 6+333700 


0.53 ± 0.04 


10.6 ± 6.1 


(20) 


(25) 


Bump 


Mrk 231 


2.53C+12 


3.92C+12 


5.83 


" 


Lq 

^ IRS = Lju/Ls 

" ICharv & Elbazl (120011) 























